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SUGGESTED SCHOOL PROGRAM — 
~On Which This Subject Matter is Based 


FUNDAMENTALS OF WIRING 
(1 day) 


The parts of a wiring system. : 
Electrical and material terms. 

Electrical behavior and effects significant in wiring. 

The relation of adequate wiring to the operation of equipment. 
Instruments and tools needed. 

Review questions and practice period. 


PLANNING WIRING SYSTEMS 
(13 days) 


Determining what electricity is to do on the farm. 

Adapting the wiring to the individual working and living standards 
of the family. 

Planning the location of outlets. 

Basic wiring. 

Devices for teaching planning to groups. 

Preparing and using wiring plans. 

Methods of estimating wiring costs. 

Review and practice in planning. 
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Types of wiring materials and their uses. 
Rules and regulations. . 
Inspection and reinspection. : . 
Methods of inspection. ; | 7h ADA Sst retina ora 
11. Review and practice in Wiring and inspection. ” eet ae 
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CO-OP for erat AND TECHNIQUES 
day : 


Each school for cooperative electrification Sines should ore 
instruction on some cooperative principle and on some technique | 
useful in the advisers! work. The following have been arbitrari Liye 
selected as appropriate for inclusion in the wiring school. ; 


dis indenstandihe the value of ely eee 
2 epine co-op newsletter. 
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WIRING FUNDAMENTALS 


I, THE PARTS OF A WIRING SYSTEM 
A farmer's wiring system begins where the wires from the transformer 
on the hi-line pole reach his building or his yard pole. The elec- 
tric current on the hi-line is spoken of as primary current. The 
current that comes from the transformer and travels through the 
farmer's wiring system is spoken of as secondary current. 


In order to thoroughly understend the farmer's wiring system some 
knowledge of the generation, transmission, and distribution of the 
primary current is needed. 


A. P 

1. Generated as three-phase current by: 
a. Steam power 
bd. Diesel vower 
c. Water power 

2, Transmitted as three-phase current which is divided into 
single-phase current for distribution. 

3. Most co-ops buy wholesale power. 
ae Most co-ops buy three-phase current at their substations 
bd. Some co-ops buy single-phase current 
c. Current graphicelly represented by three-phase sine 

curve and single-vhase sine curve. 

4, Single-phase current only availeble at most farms. 

a. Primary voltage at transformer - 6900 to 7200 volts. 


B. The Secondary Current. 
i. Transformer delivers secondary current at 120 volts and 240 
volts. 


2. The service drop leads from the trensformer to the meter loop. 
ae Two wires provide 120 volt current. 
bd. Three wires provide 120 volt current and 240 volt current. 
3, The neter loop leads from the service drop to the building 
service wires if it is on a yerd vole, or to the load center 
4f i¢ is on a building - usually the house. 
e. Contains either 2 or 3 wires to conform with the service 
drop. 
b. The meter is placed in it. 
c. If on the yard pole it may include 2 main service switch. 
ad. Always grounded. 
4. Farmstead distributicn. 
a. From yard pole preferably 
be Often from house 
c. Hach building service grounded 
a. Size and number of wires to each building determined by: 
- (1) Amount of current to be carried 
(2) Distance 
(3) Switch controls 
(4) 2 wires for 120 volts 
(5) 3% wires for 120 and 240 volts 
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Service entrance wires lead to load center eten known ot a 
as distribution panel, and Ay be the Paench circuit | ety a 
fuse box). x ae 
The load center. 

(1) May be in a single box if there are 6 or less etanchs 


circuits. 
-(2) Main fuses end disconnect switch is separate box py 
from branch circuit fuses if there are more than aaah 


6 branch circuits. . 

(3) Size of main fuses depends on emperage to be used 
on the farm. ; 

(4) Size of branch circuit fuses depends on size of Gives : 
in branch circuits and the use of the branch circuits. — th 


(5) Load center must be readily gibt 1D AR og ae 
Overload control ) (es ae 
(1) Fuses | oy <a 


(2) Circuit breakers 
Branch circuits Wy 
(1) Lighting circuits . ; eet ahr 
(a) Fused for 15 amperes , ASE 
(>) Minimum size wire No. 14 ae 
(c) 120 volts 
(2) Anvpliance circuits 
(a) Fused for 20 amperes a, ANE 
(bo) Minimum size wire Mo, 12 tow lena 
(c) 120 volts \ baron 
(3) Speciel circuits 
. (a) Renge circuit 
(4) 35 or 50 amperes | . 
(44) 120 and.240 volts | 4 
(444) Wire size generelly No. 6 depentine Ont om 
amperage and cistance 
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(b) Water heater circuit — BOF ag att : 
(14) Usually 20 amperes but depends on size Of tale Rha oe 
heating elements ager 
(11) 240 volts i, 
(1411) Wire size depends on amperege end dis- eer 
tencee Preferably never smaller than ao, is 
No. 12. mars 
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(c) Large vower circuit 
(4) Anmerage to fit motors and gehts used. 
(14) 240 volts 
(441) Wire size depends on amperage and distance. 
(a) Low voltage circuits for doorbells, furnece ) mes 
controls, etc. va, alae 
(4) Receives power through special transformer Maly, ae 
connected to an appliance or light circuit. Te | 
(44) 10 to 24 volts 


(441) Wire size usually No. 18. E Pa Fae 
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e. Outlets 
(1) Light outlets 
s) Loceted on ceilings or walls 
(db) Connected through an ouclet box 
(c) Fixture held by a fixture holder 
(2) Switch outlets 
(a) Not counted for estimating load on circuit 
(bo) Usually located on wall by door 
ec) Connected through an outlet box 
a) Tyves of switches 
(4) Toggle type only 
(44) Mercury 
(4414) Single pole 
(4441) Three way 
(44444) Four way 
(e) Cover plates 
(4) Single switch 
(41) Multiple switch 
: (444) Brown or ivory 
(3) Convenience outlets 
(a) Distributed in room 
(db) Height devends on room end use 
(ce) Connected through outlet box 
(a) Tyves 
(14) Single 
(144) Doudle (duplex) 
(444) Multiple 
(4411) Polarized 
(41441) Special purpose such es redio, clock 
(444411) Dust proof 
(4444444) Weatherproof 
(e) Cover pletes 
(4) Single, double, and multiple 
(44) Brown or ivory 
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Service Provia Mie wieds Hetween’ ths line pole or yard pole — 


and the building, which bring the electricity to the build- 
ing. The service drop ends at the point where tbe wires 
first attach to the building. 

Service Entrance Conductors - The wires between the service 
@row and the main ewitch or over-current protection in a 
building, The service entrance conductors connect to the 
service drop just outside and clear of the building walls. 

Service Insulators - Spools of glass, porcelain or other in-. 
sulating material that hold the building end of the service 
drop in place on the building and prevent electrical con- 
tact of the service drop and the building. They may be 


attached to the building singly or in groups on metal racks. 


Service Entrance Head - A metal-hooded fitting having bushed » 
holes through which the service entrance conductors pass 
from the outside into a metal raceway or service entrance 
cable. it is placed on the outside of the building near. 
the service insulators and excludes moisture from the in- 
side of the raceway or cable. 

Service Equipment =- The main switch and overload protection 


equipment at which the service entrance conductors terminate 


sfter passing into the building. The over-current pro- 
tection consists of fuses or circuit breakers. The entire 
assembly is enclosed in a metal cabinet. - 

Service Ground - The assembly of wire, straps, connectors, 
clamps, and grounding electrode or rod used to permanently 
connect the neutral wire of the service entrance conductors 
and the metal enclosure of the service equipment to moist 
earth. 

Feeder - A set of wires used to carry current from the serv- 
ice equinment to a branch circuit cabinet at a remote loca- 
tion. It is used to eliminate having all branch circuits 
start at the service equipment. 

Over-Current Protection - Circuit breakers or fuses used to 
open the circuit when the current reaches a predetermined 
value. HEequired in each ungrounded service or feeder wire, 
and in each ungrounded branch circuit wire. 

Circuit - A general term indicating an assembly of wires and 
other conductors so arranged as to provide a continuous 
peth for an electric current from the point of origin to 
the point of use and back to the point of origin. 

Branch Circuit - A circuit originating at the branch circuit 
over-current protection. 

Lighting Branch Cirenit - A branch circuit supplying current 


to lights only. Colloquially, the term is often incorrectly © 
used where combination lighting and appliance branch circuit. 


would be correct. 


Appliance Branch Circuit - A branch circuit having no perme- — 


nently connected lighting fixtures, and sunplying current 
to permanently wired appliances or attachment-plug outlets. 
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Combination Lighting and Appliance Branch Gircuit - A branch 


circuit supplying current to lighting fixtures and to appli- 
ances or attachment plug outlets. 

Motor Branch Circuit - A branch circuit supplying current to 
motors only. 

Distribution Center - Usually synonomous with service equipment. 
It is the assembly of equipment at the point where the build- 
ing wiring divides into feeders, or branch circuits, or both. 

Mein Distribution Center - The first distribution center 
reached by the wiring as it comes into a building. 

Feeder Distribution Center - A distribution center supplying 
current to feeders. 

Branch-Circuit Distribution Center - A distribution center 
supplying current directly to branch circuits. Includes the 
branch circuit fuses or circuit breakers. 

Outlet - A point on a wiring system at which current is fur- 
nished to current-consuming equipment. Switches are some- 
times called outlets, but the context of the discussion must 
be known to know whether they are included in the term. 

For example, contractors count switches when bidding on a 
wiring job by the outlet, but switches are not counted when 
determining under the National Flectrical Code the number 

of outlets that may be served by a circuit. Best use of the 
term would always make clear whether switches are included. 

Lighting Outlet - An outlet for the connection of a lighting 
fixture or a drop cord. 

Receptacle Outlet - An outlet for the connection of attachment- 
plugs on cords. Often called convenience outlet, duplex out- 
let, etc. 

Raceway - A channel for holding wires or cables, which is 
solely for this purpose. The term raceway is preferred 
to concuit which is often used with the same meaning. Race- 
ways may be of metal, wood, or insulating material, and the 
term includes rigid metal conduit, flexible metal conduit, 
electrical metal tubing, cast-in-place raceways, under-floor 
raceways, surface metal raceways, surface wooden raceways, 
wireways, busways, and auxiliary gutters. 

Rigid Metal Conduit - A steel pipe (raceway) through which 
wires or cables may be pulled after the conduit is in place. 

Flexible Metal Conduit - A circular flexible metal raceway 
through which wires or cable may be pulled after it is in 
place. 

Electrical Metal Tubing - Often called thin-walled conduit. 
Similar to rigid metal conduit except of thin-walled steel 
joined by threadlese fittings. 

Surface Metal Raceway (Metal Molding) - A metal channel with a 
metal cap, in which the wires or cable are placed. 

Surface Wooden Raceway (Wood Molding) ~- Similer to surface 
metal raceway except made of wood and containing partition 
for separation of the individual wires. 

Armored Cable (in interior wiring) - Two or more rubber-covered, 
separately insulated, wires built into a spirally-wound, 
flexible, metallic covering. Usually, locally known by 
trade-names such as B~X. 
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Non-Metallic Sheathed Cable - Two or more rubber-covered 
separately insulated wires built into an outer insulating 
fibrous sheath. Usually, locally known by the trade-name 
Romexe 

Flexible Tubing (Loom) - A flexible tube of insulating fibrous 
material that is placed around individual, insulated wires \ 
to give mechanical protection. 

Cleat - An insulator, ususlly porcelain, which holds one or 
more wires at a definite spacing from a surface or from each 
other, and which 4s fastened to the surface with nails or 
SCr ews. 

Knob - Similar to a cleat, but is held in place by a single 
"nail or screw. Holds a single wire. It provides definite 
spacing between the wire and the surface to which it is 

fastened. 8 

Tube - A hollow cylindrical piece of porcelain with a head or 
shoulder on one end. It is used to provide additional in- 
sulation and protection to a wire vassing ue aee. a wall, 
floor, ceiling, joist, stud, etc. 

Coupling - A short piece of raceway used for connecting two 
longer vieces. The longer pieces screw or are otherwise 
fastened into the coupling. 

Nivple - A straight piece of rigid metal conduit not more 
than 2 feet long and threaded on each end. 

Bend = A short curved piece of rigid conduit or other metal 
raceway which serves to connect the ends of two lengths of 
conduit that are at an angle to each other. 

Elbow (Sharp Bend) - A bend of comparatively short radius. 

Fitting - An accessory (such as a locknut or a bushing) to a 
wiring system that performs primarily a mechanical rather 
than an electrical function. 

Conduit Fittings - The accessories necessary for the completion 
of a conduit system, such as boxes, bushings, and access 
fittings. 

Cabinet - An enclosure with swinging doors. 

Cutout Box - An enclosure for surface mounting and having 
swinging doors or covers fastened to and telesceping with 
the walls of the enclosure. 

Conduit Box - A metal box for installation in conduit to al- 
low pulling the wires, beet connections, mounting devices, 
etce 

Pull Box - A metal box with a blank cover for installation in 
conduit to allow pulling the wires through. It may be in- 
stalled at the end of raceway to provide for distributing 
the wires. . : 

Junction Box - A metal box with a blank cover installed in 
cable or raceway which provides a plece for the connection 
end branching of the enclosed wirese 

Knockout - A small portion of the wall of a box or a cabinet 
so made that it may be readily removed by striking with a 


hammer. It vrovides access for wires and for the attach- 
ment of conduit, cable, etce 
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‘Splice (Straight-through Joint) ~ The connection in series of 
two lengths of wire or cable. 


47. Insulating Joint - A connection for mechanically fastening 


adjacent pieces of conduit, pipes, rods, etcr, together 
while keeping them electricaliy insulated from each other. 

Lampholder (Socket), (Lamp Receptacle) - A device for mechan- 
icelly supporting an electric lamp (incendescent bulb or 
fluorescent abe) and electrically connecting it to the 
circuite 

Receptacle (Convenience Receptacle) - 4 device installed in 
a receptacle outlet for mechanically holding an attachment- 
plug cf a portable lamp or appliance and which provides the 
electrical contact between the cutlet and the plug. 

Fuse Holder (Cutout Base) - The device in an electric circuit 
that holds the fuse and provides the electrical connections 
for its terminals. 

Seslable Bquipment - Equipment which may be sealed or locked 
in such a way that unauthorized persons cannot operate it 
or have access to live parts. 

Plug - A device installed on the end of a cord to provide a 

means of connecting the cord to a receptacle. 

Current Tap - An assembly in one device of a plug and two or 
more sockets for plugs in such a way that when the device 
is plugged into a receptacle two or more plugs may be 
connected to it allowing several appliances to be used 
at one outlet. 

Hickey ~ A fitting used to mount a lighting fixture in an 
outlet box or on a pipe or stud. It permits the fixture 
wires to be brought out through the fixture stem. 


 Sneke (Fishing Wire) - A wire which is pushed through a race~ 


way, a partition or other closed space and is used for draw- 
ing wires through the space. 

Binding Screw (Binding Post), (Terminal Screw), {Clamping 
Screw) - A screw which connects a conductor to the terminal 
of a piece of electrical avparatus. 

Pendant - A fitting suspended from overhead by a flexible cord. 

Cord Grip - A device which grins a cord as it enters an 
accessory and prevents the terminals from receiving tension 
on the cord. 

Fixture Stud (Stud) - A fitting used in mounting a lighting 
fixture in an outlet box. The stud is fastened to the box 
and the fixture is fastened to the stud by a hickey. 

Crowfoot - A fitting used to mount a lighting fixture. It 
holds the fixture away from the mounting surface. The use 
of outlet boxes has made it obsolete. 
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Ampere - A unit of rate of electrical flow. (When one coulomb 


of electricity passes per second, the electric current is 
one ampere). 


Volt - A unit of electrical force. (A measure of difference 


in electrical potential. Voltage determines the insulation 
needed). 


Ohm - A unit of electrical resistance. One ohm is the resis- 


tence through which one volt will produce a current of one 
ampere; two ohms is the resistance through which one volt 
will produce a current of one-half ampere; etCce 


Watt - A unit of power. Most commonly used to indicate the 


power of electricity. One horsepower is 746 watts. With 
direct current and with alternating current which lacks in- 


ductance and capacitance the number of watts of power is equal 


to the product of the volts multiplied by the amperes. For 
example; A device operating on 115 volt current and consum- 
ing 5 amperes would be using 575 watts (6 x 115). With alter- 
nating current having inductance or capacitance the number of 
watts of power is equal to the product of three things: 

(1) Volts, (2) Amperes, and (3) Power Factor. For example: 

A fluorescent lamp overating on 115 volt current end consuming 
1/2 amoere at a power factor of 80 percent would be using 

46 watts (115 x 1/2 x .80). 


Kilowatt - A unit of power. Equals 1000 watts. Approximately 


1-1/3 horsepower. 


Kilowatt hour - A unit of work. Commonly used to indicate the 


amount of work done by electricity. Avvroximately 11/2 
horsepower hour, 2,654,000 foot pounds or 3,415 BeTeU.s,. The 
work done by 1 kilowatt of power in one hour, one half kilo- 
watt in 2 hours, 2 kilowatts in one-half hour, four kilowatts 
in 15 minutes, etc. 


Watt hou - A smaller unit of work than kilowatt hour. 1,000 


watt hours equal 1 kilowatt hour. 

Insulator - Any substance used to restrict the flow of electric- 
ity to a practical minimum. No known substance will completely 
prevent a flow of electricity, but some have exceedingly high 
resistance. All substances can be located on a scale of elec- 
trical conductivity varying from low conductivity (high insu- 
lation) to high conductivity (low insulation). Most sudstances 


fall in the intermediate ranges on this scale. Those that lie . 


‘in the extreme lower areas of the scale are more or less con- 
sistently classed as insulators. Those that are above this 
extreme lower area but not in the uppermost area may be classed 
either as insulators or conductors, depending on their signif- 
icance in the matters being discussed. An insulator is merely 
a poor conductor, and there is no line of demarcation between 
poor conductors and better conductors that can be applied in 
all situations. Substances such as porcelain, glass, rubber, 
mica, dry wood, and dry cloth are good insulators for many 
purposes. 
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9. Conductor - Any substance used to allow the flow of electricity. 
Substances vary from very good conductors to very poor conduc- 
tors. The good conductors are consistently classed as conduc- 
tors. Those that are not so good depend on their significance 
in the matters being discussed for their classification as con- 
ductors or non-conductors. Silver, copper, aluminum, and iron 
are good conductors. Most wet or damm substances are fair con- 
ductors. In electric wiring, the most common conductors ere 
copper wires, 

10. Ground - An electrical connection which maintains a fixed electri- 
cal potential. Ina wiring system, a gound is a connection to 
the earth so that the grounded portion of the wiring is fixed at 
the same electrical potential as the earth. This prevents any 
voltage between the grounded portion of the wiring and the earth, 
and makes it impossible for the voltage between the ungrounded 
portion of the wiring and the earth to exceed the voltage be- 
tween the grounded and the ungrounded portions of the wiring. 

ll. FElectromotive Force (abbreviated e.m.f.) - The electrical potential 
between the poles of a power source. Measured in volts. While 
voltage can be measured between any two conductors of electricity 
or between any two places on the same conductor, the term elec- 
tromotive force applies only to the potential (voltage) across 

,the line at the source, 

12. Ohm's Law - This is the most important law of electrical behavior 
for people working with electrical appliances. It is most com- 
monly written as an algebraic equation. By transposing, the 
equation takes any one of the following forms: 


~ 


(1) E= IB 
(2)airs é 
(3) k= 2 


in which BE is the electrical potential measured in volts, I ig 
the electric current measured in amperes, and R is the resistance 
measured in ohms. E, I, and R respectively are used to designate 
volts, emveres, and ohms because by wide usage they have had in- 
ternational adoption. For purely local use, the letters V, A, | 
and O might be substituted for the standard symbols EF, I, and R. 
Ohm's Law is a mathematically exact expression for all electric 
currents which are not affected by induction or capacitance. 

Thus it is always literally true for non-fluctuating direct cur- 
rents. It is only approximately true for alternating current 
since there is always some induction and capacitance when alter- 
nating current is used. With lighting and heating devices that 
depend on resistance for their operation, it is so nearly exact 
that the error is negligible for practical purposes. With motor 
driven equipment, fluorescent lighting, and other equipment in- 
volving considerable inductence or capacitance the error may be 
considerable. Ohm's Law may be written so as to be exact for all 
currents but the algebraic equation then becomes quite complicated. 
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ELECTRICAL BEHAVIOR AND EFFECTS SIGNIFICANT IN WIRING 

A. Relation of Volts, Amperes, and Watts - In any electric circuit 
that lacks both inductance and capacitance, the amount of power 
is the product of the potential and the rate of flow. Thus we 
have the formula Watts = Volts X Amperes. Even with alternating 


B. 


current, which is always affected to a limited extent by inductance 


and capacitance, this relationship is usually sufficiently 
accurate to be used for practical purposes. The error can be 
neglected unless the power factor is quite low. To correct for 
the effects of inductance and capacitance, we can write the 


equation: 


Watts = Volts X Amperes X Power Factor, 


Heat — Ohm's Law gives us the equation E = IR in which E is 
synonymous with Volts and I is synonymous with Amperes in the | 
equation Watts = Volts X Amperes. Therefore, we can substitute 
values from one equation in the other, Thus we get: 


(1) Ww 
(2) W 
(3) W 


VXA 


AO X A = AO 


Vig 


Vv 
= 3 


Since the work done by an electric current in a bwilding wire 
appears in the form of heat, we can see from equation (2) that 
the heating of a wire is directly proportional to its resistance 


(ohms) and is proportional to the square of the current (amperes). 


If the resistance of a wire is doubled, and the current remains 
the same, the heat will be doubled, If the current is doubled 
and the resistance remains the same, the heat will be mltiplied 
four times. Increasing the current three times increases the 
From this we can see that if the current in 
a wire is miltiplied by 3, we have to reduce the resistance of 
the wire to one-ninth of its former value to keep the power 
losses (in the form of heat) in the wire the same, Replacing 
a 15 ampere fuse with a 30 ampere fuse mitiplies by 4 the 
amount of heat produced in the building wire by the maximum 
current that would not blow the fuse. 


heat nine times. 


The simple equation W = A®O explains some of the dangers in 
short circuits, arcs, etc. A short circuit means reduced 
resistance in the whole circuit. Ohm's Law shows that this 
will increase the amperes, If the short circuit reduces the 
resistance by one-tenth, the amperage will increase 10 times 
and the heat produced in any specific section of the wiring 
will be increased 10 times. An arc glows because the increased 
resistance at that point increases uae heat in the same 


proportion. 
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CS, Voltage Drop - The proper operation of most equipment ig determined 
by the amperes through it. Ohm's Law tells us that amperes are 
determined by voltage and resistance. The resistance is built 
into the equipment when it is manufactured. The voltege is de- 
termined by the transformer and the wiring. Wiring that causes 
a significant voltage drop between the transformer and the 
appliance recuges the amperege through the appliance. From the 
equation W = A°O, we can see that the rate that the appliance 
does its full load job decreases in proportion to the squares 
of the amperage as the amperes decrease. Smaller wires and 
longer wires are the most common sources of increased resistance 
in wiring. 


Here is a mathematical calculation illustrating the conditions 
and effects of voltage drop. 


(1) Assume the voltage at the transformer is 120. 

(2) Assume that the appliance is built to drew 10 amperes at 
115V, which is normal full load operation. 

(3) Assume that we heve a choice of either wire X or wire Y 
in the wiring circuit which feeds the aopliance. Wire xX 
has a resistance of 1/2 ohm. Wire Y, being a smaller 
wire of the same material, has a resistance of 3 ohms. 

(4) Applying Ohm's Law (R = By to the appliance gives us the 
resistance of the appliance: 


R= 22 5 11,8 ohne, 
(5) The total resistance of the appliance plus wire X is 11.5 
¢ .5 or 12 ohms. 
(6) The total resistance of the appliance plus wire Y is 11.5 
/ 3 or 14.5 ohms. x 
(7) By applying Ohm's Law (I = =) to the appliance and wire X 
we find the amperage if Wine X is used. 


Tes _ = 10 amperes 
10 amperes is correct for normal overation. 

(8) By applying Ohm's Law (I = é ) to the appliance and wire Y 
we find the amperage if wire Y is used. 


I = 8.3 amperes 


= 420_ 
14.5 
This is less than the 10 amperes required for normal 
operation. : 

(9) Since the work that an electric avpliance can do is pro- 
portional to the sauares of the emneres flowing through 
it (We 420), we cen determine how much less work this 
empliance can do if connected through wire Y than if 
connected through wire X. 


\ ) woe : f iy 
10“ = 100 saat 
8.2" = 68.8 


Since 68.8 is roughly 2/3 of 100, the capacity of the ap- 
pliance is reduced roughly 1/3 by the use of wire Y. 

(10) The relative reductions in current flow and work done by the 
eoplieance should be noted. A reduction in current of 17% 
reduced the work over 31%. The difference between 31% and 
17% is waste electricity used in heeting wire Y and paid 
for by the consumer but for which no benefit is received. 
This waste is in addition to possible damage to the equip= 
ment as a result of the low voltage caused by wire Y. 

D. Calculating Voltage Drop - There are severel methods of calculeting 
rather accurately the voltage drop in a circuit. As a usual thing, 
it is'best to start with a table giving the resistance of a spec- 
ified length of the wire. Table 18 of the National Electrical 
Code does this for our more common wire sizes. Here is data taken 

/ or calculated from this tables 


Wire Size Ohms Resistance per Ohme Resistance per 
(AWG) 1,000 feet of 1,000 feet of 
18 6.510 | 13.020 
16 4,094 8.188 
14 2.575 5.150 
12 ae 1619 3.238 /s 
10 1.018 2.036 \ 
8 2641 1.282 
6 .410 eae -820 
4 ° 259 518 
2 0162 324 
1 0129 .258 
0 0102 2204 
00 20811. 2162 
000 00642 2128 


0000 0509 2102 
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Seats ne a ) 13 
ak yee ‘ When the resistance of a specific length of the wire is Imown, 
patie sa S the determination of the voltage drop is merely a matter of 


applying Ohm's law, Let's take an example: Suppose appliances 

Rae drawing 15 amperes are to be served by a circuit of No. 12 wire 

Satis 60 feet long. From the table, we know that a circuit of No. 2 

one te ~ wire 1000 feet long has a resistance of 3,238 ohms, Therefore, 
| : a. circuit 60 feet long would have a resistance of .194 ohms. . 
X 3.238 = .194). Applying Ohm's Law (E = IR) we get 


| : 
2: Ree E =15 X .194 or E = 2.9 volts drop. 


a AE Oe a E, Shock - Electric shock results from amperage through a body tissue. 
ie | It can vary in intensity from a mild tingle through paralysis, 
Bae Pa eS = to actual destruction of the tissue, No fixed rule can be given 
Pin a which divides safe from unsafe shocks, Some tissues can stand 
safely greater shocks than others. The physical conditions of 
people vary so that a shock that is safe for one person is fatal 
to another, However, one rule can be stated: All shocks from 

| te he radi 115 volt building wiring circuits are potential 
hgh dangerous. We are often asked, "Is 115 volt electricity 
Peat dangerous?" The technically correct answer is that voltage, 

Ba ie | regardless of its dimension, is not dangerous in itself, It 

oon is amperage that causes shock. But by looking at Ohm's lew (I = 5) 
Dig ae we can see that voltage is an important factor in determining 

vf amperage. If the resistance stays constant, amperage (and shock) 
a ss will increase as voltage increases. If the voltage stays constant, 
SPs amperage (and shock) will increase as the resistance decreases. 


Mes | . Tt is not uncommon for people to be in situations such that the 

re ee resistance of an electric circuit through them is low enough so 
| that the amperage of a 115 volt current will cause death. 

ean tg a Maximum protection from shock from wiring comes from the correct 

aoe combinations of isolation, insulation, and grounding to fit each 


: en situation, Of these three, grounding is probably most misunder- 
eed, stood and most commonly incorrectly done. Inadequate grounding 
ee pi SR has resulted in many deaths, Grounding and insulation are not 
Aon mutual substitutes. 


Rees The National Electrical Code suggests that the insulation on 
circuits of No. 14 or No. 12 wire have a resistance of 1,000,000 
Ee ibe bo: ohms, and that the insulation on circuits of larger wire up to 
po 50 amperes capacity have a resistance of 250,000 ohms. 


peas os Grounding conductors should always have current carrying capacity 
eae gt least equal to that of the wiring devices that they protect. 
pa ater x The resistance of a ground mst always be low enough to open the 
P over-current protection in case of a short circuit to the ground. 
The National Electrical Code specifies e maximum resistance of 
25 ohms. An even lower resistance is better. 
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DEMONSTRATION OF THE EFFECT OF VOLTAGE DROP ON THE OPERATION OF 


ELECTRICAL EQUI 
BATTERY PILOT LIGHT 
CLIPS MAGNETIC AND 
WITH INSULATED CIRCUIT BREAKERS RECEPTACLE 
GRIPS AMPERAGE LAMP 
20 i5 5 - ~ x 
25 uy ste tales = 
OF 8/2 HEAV - ——— ee 
DUTY. FLEXIBLE ; © 
CORD 7 7 
BOX CONNECTOR ~ 
CABINET 
WITH ~~ > 
DEAD-FRONT a 
EDISON BASE L , 200 FT. = 
FUSE 12/2 NMS} || 
HOLDER 
jv 
SUPER-PVX CABLE a RM OAK eek a EY 
AND BOX CONNECTORS 
Not less thon 
1000 Watt \ 
heating element 500 TO 750 watt ; 
TDheaTina Non- automatic 3~ Speed 
NESTING Toaster Fan 
COOKING POWER 
A. The achematic diagram shown ebove illustrates equipment for demon- 


strating the relation of adeauate wiring to the operation of elec- 
trical equipment. Three things may be demonstrated with the 
set-up shown: 


(1) The effects of voltage drop on the operation of electrical 
equipment. 

(2) Some of the causes of voltage drop. 

(3) The operation of fuses and circuit breakers in providing 
over-load protection. 


D 

The diagram illustrates the following equipment: 

(1) Twenty-five to 50 feet of heavy-duty flexible cord for connect- 
ing the demonstration to a source of electricity. ‘The cord 
shown is 8/2, butl0/2 or 12/2 may be satisfactorily used. 
Battery clivs are shown for connecting the cord to the 
source of electricity. An alternate connection on the end 
of the cord might be a heavy-duty 2-prong plug together 
with an additional short piece of heavy-duty flexible cord 
with a plug receptacle on one end and battery clips on the 
other. This supplementary piece of cord would provide for 
using the clips to connect directly to the service drop or 
the building load center when the circuits supplying the 
convenience receptacles lack capacity for the demonstration. 
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(2) Load center equipment. The equipment. shown here 1s not 
. standard - it contains 3 magnetic circuit breakers and 
one Edison base fuse holder. ‘This combination makes 
. it possible to demonstrate the action of both circuit 
-breakers and fuses. 
(3) .Four branch, circuits, each ending in a combined pilot light 
-gnd convenience receptacle. The pilot light is merely 
oe showing that the circuit is energized. It should be 
r 2 

(4) Two hundred feet of 18/2 flexible cord with one end attached 
to an appliance plug and the other end connected to a 
miltiple convenience receptacle and a lamp base. The 
diagram shows 2 receptacles and 1 lamp base. Three 
receptacles and a lamp base would provide better for the 
demonstration. 

(5) Two hundred feet of 12/2 non-metallic sheathed cable with 
one end attached to an appliance plug and the other end 
connected to a multiple convenience receptacle and a lamp 
base, Three receptacles, rather than the 2 shown in the 

: diagram, would provide for a better demonstration. 

(6) Two 7x watt, white incandescent lamps for use in the lamp 
bases connected to the 18/2 cord and 12/2 cable. 

(7) Appliances for loading the circuits and on which the effects 

of the voltage drop will be apparent, The diagram shows 

a fan, a non-automatic toaster, and a 1000 watt heating 

element, For the best demonstration, the appliances will 

be needed in pairs. For example, there might be 2 iden- 

tical fans, 2 identical non-automatic toasters, and 2 

identical radiant heaters with 1000 watt elements. Other 

useful appliances might include a 1/4 hp motor with a 

simple, homemade prony brake, 2 identical glass coffee 

makers, 2 identical, non-automatic hand irons, 2 identical 
vacuum cleaners with manometer tubes to show their suction, 
etc. 
supply of different 
the fuse holder in the load center, and 


(8) A sizes of Edison base fuses for use in 


Operation of Equipment 


Before any demonstration of this type is given before a group of 


people it should be gone through completely in private to make 

sure that the equipment is properly assembled and that the differ- 

ences being shown are apparent enough to be clearly seen by 

observers. Small electrical loads on wires produce relatively 

small voltage drops and the demonstrator mist know in advance 

the amount of load needed, in the terms of the equipment that he 

is using, to produce an effect that is clearly apparent. 

(1) The demonstration equipment is explained to the audience so 
that the audience will understand what is happening as the 
demonstration proceeds. | 


a supply of different 
sizea of Fusetrons (not Fusestats) for use in the same holder. 


Demonstrating the Cause of Voltage Drop and its Effect on the 


(2) 


(3) 


(4) 


(5) 


(6) 


ry ge 


The feeder cable is connected to a source of 110 to 120 volt 


alectricity with the circuit breakers open and no fuse in 
the fuse holder. The attention of the audience is called 
to the fact that there is no visible change. 


fhe 15 ampereand the 20 ampes circuit breakers are closed. 


The pilot lights on the two circuits connected through 
these breakers will light immediately. The audience 
should clearly see this and realize that the lighted 
pilots mean that those two circuits are energized. 


The 200 feet of 18/2 cable is plugged into one of the ener- 


gized circuits and the 200 feet of 12/2 non-metallic, 
eheathed cable is plugged inte the other. The two 74 watt, 
white bulbs on the other ends of these wires will then 
light. showing the audience that beth of these coils of 
wire are energized. There will be no apparent difference 


in the brilliance of the two 74 watt bulbe and this should © 


be called to the attention of the observers. This indi- 
cates that both 16/2 cord and the 12/2 cable adequately 
aupoly the 74 watt bulbs. 


One of the two identical fans is plugged into the receptacle 


on the end of the 18/2 cord and the other into the recepta- 
cle on the 12/2 cable. Beth fans appear to run normally 
and there is still no svparent difference in the brilliance 
of the 74 watt bulbs. 


One of the 1000 watt heating elements, which may be in a hot 


plate, a radiant heater, or some other device with a visi- 
dle element, is plugged into the outlet on the 18/2 cord 
and the other identical element into the outlet on the 
12/2 cable. A noticeable staal oe of the 73 watt light on 
the 18/2 cord will be evident. ‘Jf the fans are running 
on slow speed, it will be noticed that the fan connected 
to the 18/2 cord is running definitely slower than the 
other one. After the two heating elements have head time 
to heat, it will be noticed that the element connected to 
the 18/2 cord is obviously less hot than the other. The 
light, the fen, and the heating element on the 12/2 cable 
all appear to be operating normally. Apparently the small 
wire is overloaded. 


(7) Add the two identical, non-automatic toasters to the groups 


of appliances already connected. Call the attention of 
the audience to the fact that the 74 watt bulb on the 18/2 
cord is now giving definitely poor light by comparison 
with the other bulb. After the heating elements have had 
time to adjust to their new temperatures, let the eudience 
see that the 1000 watt element on the 18/2 cord is now per- 
forming even poorer by comparison with the other one than 
it was previously. Place slices of bread simultaneously 
in the two toasters. When the bread in one begins to 
emoke, turn the slices in both. When one of them smokes 
again, remove the slices and let the audience compare the 
results of operating toasters on a loaded small wire and 
On an equally loaded larger wire. 


_. * (8) . Give the individuals in the audience sn opportunity to plece 
their hands on the two coils of wire (18/2 cord and 12/2 
= eable). Call.to their attention thet the excess heat in 
,. »- .the coil of 18/2 wire was produced by electricity used in 
. the wire rather than in the appliance, and that although 
-4t registered on the meter, no benefit was received from 
ier ot 
(9). Explein to the group that conditions were deliberately 
a _ exeggerated in the demonstration; that on their farms they 
P will seldom have situations as bad as was demonstrated by 
= | the 18/2.wire, but that they do have bed situations due to 
_inadeouate wired between and in their buildings. Meke clear 
 $o the group that. this is not a demonstration of how to 
~ wire, but that it merely shows the causes of voltage drop 
and the effects of voltage drop on the operation of equip- 
ment. The noticeable heat in the coil of 18/2 wire can be 
used to point out the dangers of overloading circuits. 
(10) There are many possible variations to this demonstration. 
Many different tyres of equipment might be used to load 
the wires. Portable voltmeters might be plugged into the 
receptacles at the ends of the two coils of wire to show the 
ereater drop in the 18/2 wire. This might be good before 
high school end vocational classes, but before adult farm 
groups, the actual operation of the equipment is far more 
effective than reedings on meters with which the groups are 
not very familisr. lLightmeters and bulbs larger than the 
7% wett ones might be used to show differences in light 
' output, but, again, meters are much less effective teaching 
to people not familiar with them than actual visible differ- 
ences in the brilliance of the bulbs. The fans have been 
suggested to show the effect of low voltage on motor driven 
equipment. This often can be more effectively demonstreted 
by a small motor equinped with a simple prony brake. Only 
| ae one motor would be used. Jt would be alternately plugged 
ee ys into the outlets on the 18/2 cord and the 12/2 cable to 
By >! show differences in starting power and break-down torque. 
(11) The audience should be fully aware that the 18/2 cord used 
in this demonstration is not suitable for building wire, 
that. the 18/2 cord and 12/2 cable ere compared because 
i ae larger size& could not be overloaded enough to show the 
es differences when fed through most building wires, and that 
fact the 18/2 cord is not protected by the circuit breaker used. 
The demonstrator should not leave the heavy load on the 
18/2 cord long enough to destroy the cord. 
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D. Demonstrating the Operation of Fuses and Circuit Breakers 
1. For this demonstration the coil of 12/2 cable is not used 
since it could not be overloaded through the 20 ampere 
breaker or a 20 ampere fuse. The recentacle on the end of 
18/2 cord is used for the addition of load to cause the 
breakers to trip and the fuses to blow. The plug on the 


Fae se, other end of the 18/2 cord is vlugged into the receptacles 
a on the resvective branch circuits as each breaker or fuse 


is being demonstrated. 
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A 5 ampere fuse or breaker provides proper protection for 


the 18/2 cord. 
2. Proper 5 amvere protection should be demonstrated first to 


show how this prevents dangerous overloading of the wire.. 


Larger fuses and circuit breakers should then be used to 
show how they allow loads beyond the safe limit. 

3. Connecting through a 5 ampere fuse a motor which draws some- 
what less than 5 amperes while running will demonstrate 
that fuses that would give running protection to motors 
will not allow them to start. Replecing the fuse with a 
5 ampere Fusetron will show how time-lag fuses can be used 
to give this protection. Circuit breakers provide the 
needed time-lag, and this can be demonstrated. 
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POOLS NEEDED BY ELECTRIFICATION ADVISERS Det ieee 
ee Items marked with an asterisk (*)! Andtete tools advisers f 
2 may need at train i ae conference. | ) 


Misceller Tools; ) - 

ale ‘Side Cutting Blectrician' $s 5 Pliere (Klien) 
2. “Mechanics Pliers 
3. “Skinning Knife 
4. “Screw Drivers 

(a) *8" Shank 

(>) "6" Shank 

(c) *4" Shank 

(a) *2" Shank 

(e) “Phillirs Screw Driver 
5. “Set 8 Allen Hexagonal Wrenches 
6. "Heck Saw (6" to 12" size) with extra a of fine tooth 

blades. 

as Cold Chisel 
8.; "Pin Punch 
9. “Prick Punch 
‘10. “Claw Hemmer 
11. Ball Pien Hammers (1 1d. and 2 1b.) 
12. Cerventere Brace (with shin carpenters bit - 2 sizes) 
13. Key Hole Saw | 
14. Carventers Saw (Cross-cut) 
15. Carventers Saw (Rip) 
16. Set Metal Cutting Bite for Carpenters Brace (1/4"; 3/8"; 1/2") 
17. Carventers Souare 
18. Carpenters Level (short or small level square vermissible) 
19. Set 3 wood chisels (1/4"; 1/2"; 1") A 
20. 1 Expansion Tyne Wood Bit (3/4" to 1-1/2") ee 
21. “Adjustable Wrenches (6" and 10") 
22. “Small Pive Wrench (10" Stilson) 
23. “Wiring Slide Rule 
24. “Tool Box or Tool Kit for Tools * 


Electr ica) Tools | 
1. *Volt meter, pocket size 2" x 4" x 5k" with a 300 volt or a | 


(150-300 volt) scale — 
2. Ammeter, pocket size 2" x 4" x 53" with 10/20 ampere scale ~ 
3. Watt hour meter on a portable base with convénience recepta- 
cle and a 6 foot extension cord 
4, “Electric soldering iron (200 watts) 
5. Small electric drill (for 1/4" bits) 
6. large electric drill (for 1/2" bits) 
7, Set 20 metal bits for ebove drills 1/32" to 1/2" 
8. “Testing lamp (115-230 volts) 
9. Hook-on Ammeter (150-300 volts, 0-150 atps) he 
10. Wiring test set. 


i 


*Protractor ened Fe oe ist Me Nn 
“Graph Peper (cess ecto 5 Maa ME SLIN NG ay Go taco 
Wiring Diagrams | a OE ten 
Drawing Set 14 EN aabicte > sade Nh ith J 
Drawing Table ime toe ALN 
30°-60° triangle (10" or iat) oe | 
45° triangle , ie ins tat 
? Square ri \ re : 
“Drawing Board (approximately vamos 20") 
"Clip Board. 
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VI. REVIEW QUESTIONS ON WIRING FUNDAMENTALS 
A. These Questions to Conclude the Study of Wiring Fundamentals 


1. What is the difference between a “volt® and an "ampere"? 

2. What is meant by "voltage drop"? 

3. What are watts and kilowatts, and what is the difference be- 
tween them? 

4, Whet is the difference between a kilowatt and a Icilowatt hour? 

5. What is the purpose of a fuse or circuit breaker? 

6. What determines the size of a fuse or circuit breaker? 

7, What is the purpose of a “ground"? 

8. Is most farm current single-phase or three-phase? 

9. What is the primary foltage on most REA-financed single-phase 

lines? 

10. What is the secondary voltage used for lights? For storege 
water heaters? 

11. Whet is a load center? 

. 12. What size fuse or circuit breaker must be used on ordinary 
lighting circuits? 

13. Why is e larger fuse or circuit breaker not permitted if No. 12 
or No. 10 wire is used in the ordinary lighting circuit? 

14. Wheat is Ohm's Law? 

15. What is the mathematical relationship between volts, amperes, 
and watts for direct current? For alternating current? 

16.. If the resistance of a wire is doubled while the current through 
it stays constant, what is the change in the heat developed 
in the wire? 

17. If the current in a wire is doubled while its resistance stays 
constant, what is the change in the heat developed in the wire. 

18. <As the voltage ecross the terminals of an appliance is lowered, 

) whet happens to the capacity of the appliance to do its work? 

19. Is shock the direct result of amperage or of voltage? 

20.. Why is the shock danger greater on a 115 volt circuit than on 

: a 6-volt circuit? 

21. The manager of an REA-financed cooperative reported that one of 
the members of his cooperative interchanged the feeder wires 
to his barn so that the "hot" wire from the house was con- 
nected to the neutral wire at the barn and the neutral wire 
from the house was connected to the ungrounded wire at the 
barn. The member complained of high bills after this change 

| was made. What does this tell about the "ground" at the barn? 

22. What are the most common causes of high resistance in farm 
wiring? 

2%. We have all known of cases where a large fuse has been subdsti- 
tuted for a smaller correct one but no fire occurred. Did 
any damage to anything occur? If so, what? 

(24, The installation cost of circuit breakers is usually more than 
fuse installation costs. Would you recommend them to a 
fermer? If so, whyt 

25. Why is it undesirable to connect annliances to light outlets? 

26. If there any advantage in using three-wire 120-240 volt feeder 


wires to a building if only 120 volt eauinment is to be used 
in the building? 


=o5- 
PLANNING WIRING SYSTEMS 


I. DETERMINING WHAT ELECTRICITY IS TO DO ON THE FARM 
Every good wiring plan is based on the uses that are to be made of 
electricity on the particular farm. Knowing the probable uses in- 
volves more than an inspection of the buildings. It involves an 
understanding of the management and probable future management changes 
ef the farm and home. It involves an understanding of the people 
living there. After all, the sole function of electric wiring is 
te safely and efficiently carry electricity to the places on the 
ferm where it is to be used. For the sake of discussion we can 
divide the determination of what electricity is to do on the farm 
into the following three topics. » 


A. Very Common Uses 
These are the uses that occur frequently enough so that they 
eften are discussed in books, leaflets, and pamphlets on the 
subject of planning wiring. A person helping farm people plan 
their wiring should be familiar with these uses and should study 
literature of this type. Planning Your Fermstead Wiring and 
Lighting, UeS»DeA. Miscellaneous Publication 597 is such a 
bulletin. If a large number of farms are considered it will be 
found that these common uses will occur on most of them and that 
the recommendations in the publications are generally sound. 
However, they are based on buildings, not on veople. When a 
plan is placed in a book the structure is shown and the plan 
is sound in those cases where the people use the structure in 
the usuel ways and to its full capacity. The recommendations 
for these common uses are the most readily understood and since 
they are written where we can read them they reauire the least 
skill in applying. 


B. Uses Peculiar to the Particular Home or Farm 
These are the uses for which the wiring on the farm should digress 
from the usual recommendations or where unusual and rare situa- 
tions are encountered. A few uses of this type are found on 
nearly every farm. They, most commonly, result from the fact 
that people are not uniform and that everyone at times makes 
mistakes in judgment. Since they are peculiar to the individual 
home or farm they must be recognized by the planner without 
having previously studied them in a book or bulletin. Some of 
them are easily recognized, as for example an invalid in bed 
in what would normally be the laundry and workroom of the home. 
Another fairly common example which is recognized only through 
an understanding of farm management and the particular farm 
is a building that is partially unsuited to the farm on which it 
is located and which, therefore, will never be fully used es was 
originally intended or to its full capacity. Opviously, it woul? 
be a mistake to wire such a building as if it were on a farm 
to which it was perfectly suited. 
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Tea se i “i ut Ame Ag ; 2a" = Pah ebicge? | 4 
fs ia a Meny Niring plene are mistakenly made on the sekomption thet the 
ier t y  ~ electricity ig to serve the building rather than the people. 
een | The plans described in books and leaflets are of necessity based 
oS pee a aa _ on this type of mistake or perhaps it would be better to say that 
nie, ; the authors, lacking other specific information, had to assume 
tier (tah _ that the buildings were well suited to the farme on which they 
TS. ae a were located and to the farm families and thet they would be 
Ng iar . used efficiently to their capacity. Plans are the best plans 
NS heen only when they fit the uses that will be made of the electricity, 
A pas and these uses depend on things in addition to the structure. 
heh wy 
5h : ! mas i g 4 pnag es Len 
mh Forming is aaeeely ve & power suanati on The mead of power per 
worker used on farms is greater than that in many industries. 
st?) . For thousands of years this power was furnished by men and animais. 
Bears aa Then the tractor took over the power requirements for field work. 
Rt Pipe ox, But on many farms 50 to 60 percent of the work is around the 
oe ae buildings and doing chores. Hlectricity is now mechanizing this 
Seeetiw eri," work, ‘The changes in the home brought by electricity are well 
sot... known. From this we can see that electricity has an important 
ae place in the manegement of the farm and home, but it is only one 
may ie of many factors in this mansgement. No two farms are managed 
Ban EEN Si - exactly alike, but this does not necessarily mean thet one is 
shyt I ae manazed better than the other any more than the fact that two 
ee electric cooperatives managed differently means that one manager 
ae is better than the other. On the other hand, the excellent man~ 
Bessey} y ager is uncommon on farms the same as he is in any other type of 
eS business. A-little thought will reveal to anyone that the man- 
ema ager of any business, whether it be farming, commercial, or 
tee : industrial, hes a great influence on the amount and type of mech- 
|, anigation of that business. No one is able to forecast the fu- 
oe é‘ ture use of electricity on a particular farm unless he understands 
ets the manegement of that farm. The mere fact that it is a dairy 
pees ferm having a certain number of cows and selling milk in a certain 
se tee way, or a poultry farm of a certain size selling certain types 
Boe ra . of poultry vroducts, does not give us all the information that we 
5) have to have to know the equipment that will be used. 
Foes ce ha 
aa . Wiring plans in books and bulletins assume a certain management, 
Dig oa! ~ and usually assume a very efficient management. A practical plan 
ore SEC fitting the particular farm is based on the management that will 
paras % be used on that ferm which is more likely to be of an averege 


grade then of an excellent grade. Such a plen can be prepared 
only when the planner hag an understanding of the management. 
This is particularly importent because no good farm mansger 

will instell wiring according to a plan which he does not accept 
as his own, and which he believes does not fit his situation. 
Considerable skill is needed in helping farmers plan wiring to 
fit their farming since most of them have never used electricity 
in farming before the original installations are mede on their 
farms. In involves both an understending of farm and home uses 
of electricity and the management of the farm and home. 
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ADAPTING THE WIRING TO THE INDIVIDUAL WORKING AND LIVING STANDARDS 
OF THE FAMILY 


After the wiring planner knows where electricity 1s to be used and 
for what purposes, he still must determi how it will de used if his 
final plen is to fit the situation best. Of course, the “how” will 
be determined partially by the structures, by the type of farming, 
by svecial situationspeculiar to that ferm end home, and by the man- 
agement schemes, but the individual family working and living stend= 
erds are also very important. For example, two men may have very 
similer farming entervrises but, due to personal preference, one man 
may use a few large pieces of mechanicel equipment while the other 
may use many small pieces. “hen they get electricity, this matter 
of personal preference will likely continue and affect the equipment 
used. One may get a large portable motor and use it on several 
different machines while the other may use individual motors sized 
to each machine. Some judgment of the situation can be made by 
talking to the farmer and his family, but if the family hes not had 
extensive previous experience in using electricity in farming it is 
also wise to look around. There are many important things to ob- 
serve, but these stand out: 


-(1) Living hebits - cleanliness, neatness, etc. 


(2) Relative emphasis placed by the family on family living and 
on farm production. 
(3) The economic level of living and farming. 


A. Living Hebits - Cleanliness, Nestness, Etc. 
While cases are not at all uncommon in which electricity seems 
to have been the spark that caused e family to raise its stand- 
ards of cleanliness and neatness, it would be a serious misteke 
to plan wiring systems generally with this expectation. Only 
the skills of long experience can qualify a person to judge 
those cases where decided improvement in these standards will 
likely result from the use of electricity. Attemps by the un- 
skilled to use this method of raising these standards will most 
likely result in ignoring or distorting the plan when the actual 
wiring is done, or in failure to use the wiring as plenned. An 
ignored plan is usually worse than none at all. It is usually 
best practice for the beginner in wiring planning to aim at a 
wiring system thet will fit the family standsrds es he finds 
them unless he has very snecific evidence that the femily is 
ready to resvond and adopt different standards. The wiring is 
part of the real property. The wiring and the electrical 
eouipment that it serves will likely be used and receive care 
similar to the rest of the real property and equipment ebout the 
farm. 


-. ‘A> LS ait ! 3 rm Prod OD 
Families differ widely, and communities differ widely, on the 
relative pride that they take in their family living and in 
their farms as businesses. ‘Some farmers spend more of their 
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evailable resources on the family and home while others spend more 
on their barns, farm equipment, and other outside facilities. A 
farm with a ramshackle house and well kept barns and farm eauip- 
ment should have more complete and elaborate wiring in the barn 
than a similar farm with a well-maintained house and a barn that 
is kept from falling over by props in the barnyard, even though 
the buildings are very similar in size and use and the ferming 
operations are very similar. The well-planned wiring system will 
fit in with the situation as it exists. 


Ce The Economic Level of Farming end Living 


The significance of economic level is so widely recognized that it 
herdly needs comment. The higher the economic level, the more lux- 
ury use and the more use strictly for convenience should be planned 
in the wiring. The planner should recognize that there is a limit 
to what most farmers will pay for wiring. Of course, a good educa- 
tionsl progrem preceding the planning will have readied most farm- 
ers to pay an amount sufficient to get at least a good basic 
(installation) system, but this still leaves many choices to be 
made. For exemple, one farmer may be willing to pay for several 
yerd lights controlled by 3-way end 4-way switches at each building 
on the farmstead while another farmer with a similar building 
arrangement may be willing to vay for only one vard light controlled 
from only the major buildings. I¢ may be necessary to choose be- 
tween an individual light over the kitchen work space and a 3-way 
switch somewhere in the house. The choice may be between a célling 
light fixture in the living room end one or more additional conve- 
nience outlets along the wall. Where choices of this type must be 
made, it is necessary to carefully evaluate the probable usefulness 
of each item. It is a matter of expert skill and judgment to know 
how to fit the wiring plan to the economic level of the farm and 
femily, so that the wiring will provide the greatest usefulness of 
electricity and still come within the price range that the family 
can and will pay. 


Throughout the vlanning of all farm wiring it should be remembered 
that no plan is worth preparing unless when it is finished it is 
the family's plan. A great part of the skill of a good planner is 
his ability to get the family to think through accurately its fu- 
ture uses of electricity and to understend the amount end lay-out 
of the wiring necessary to provide for the uses adequately. Few . 
families will hire electricians to install wiring according to 
plans thet they do not understand, fully approve of, and want. 

A plen that is not used is & waste of time, effort, and materials. 
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LANNING THE LOCATION OF OUTLETS 


When we know what the electricity is to be used for, and when we know 
how it is to be used, we then are in a position to plan the location of 
outlets, There are some situations that occur so frequently that certain 
standard recommendations are consistently made in literature on wiring 
planning. For example, convenience outlets in the living room should 

be spaced at intervals around the wall such that the cord of a floor 

lamp placed anywhere along the wall will reach an outlet without an 
extension, These standard recommendations are found so frequently that 
very careful thought should be given to a situation before digressing 
from them, Usually careful consideration will show that the impulse to 


digress was wrong. But then we do find cases occasionally where the 


best plan requires a different location. An instance of this type might 
exist where the wiring is done in the autumn and the farmer is planning 
and has arrangements all made to remove a wall during the coming winter. 
In general convenience outlets should not be placed so that cords from 
them will cross or obstruct paths of travel, but there are even exceptions 
to this rule, If the outlets where housewives use their electric irons 
were all placed so that the women would have to unplug the irons when 
they leave their ironing boards, many fires would be prevented. 


Although good planning does occasionally require exceptions to most of 
the standard recommendations, most of the exceptions that are made in 
practice are the result of poor planning. It is far more important that 
the outlet that serves table appliances on the dining table be placed 

so that the cords to the appliances cross the space where the housewife, 
in serving, normally reverses her travel around the table than that it 
be placed opposite an outlet on the other side of the wall so that the 
electrician's work in installing it is easier, A little thought will 
reveal that if the outlet for the chick brooder is on or suspended from 
the ceiling there will be less probability that the chicks will roost 
on the cord or that it will be in the way of a person working around the 
brooder. 


There are many good sources of recommendations on the location for 
outlets. Here are a few: 


1, Planning Your Farmstead Wiring and Lighting, U.S.D.A., REA, 
Miscellaneous Publication 597. 

2. Electric Wiring For Home Or Farm - How to Plan It - How to Install 
It, Sears Roebuck & Company. ; 

3. Farm Wiring Guide, General Electric Company, Appliance & Merchandise 
Department, Bridgeport, Connecticut. 

4. Farm Wiring Needs, TVA, Division of Electrical Development, 
Chattanooga, Tennessee, 

5. Farmstead Wiring, Westinghouse Electric Corp., East Pittsburgh, Pa. 

6, Handbook of Farmstead Wiring Design, Industry Committee on Interior 
Wiring Design, Room 2650, 420 Lexington Ave., New York, N. Y. © 

7. Handbook of Residential Wiring Design, Industry Committee on Interior 
Wiring Design, Room 2650, 420 Lexington Ave., New York, N, Y. 

8, College Extension Bulletins, : 


tS 16 t 
aS 
ee, 


TY. 


ow Op xo 


BASIC WIRING 


Basic wiring might be described as the backbone of the ultimate wir- 
ing system. Few farmers install their complete ultimate systems at 
first. There are many reasons for this. Some of the reasons are 
good; others are aveetionable. But regaréless of the quality of the 


reasons, good planning recognizes the fact. Perhaps the three most 


common reasons are: 


2. Immediate high cash cost. 


2, Some uses of electricity eppear to be so far in the future that 
the investment in the wiring for them should be delayed. 
3, Questionable accuracy in forecasting future uses of electricity. 


Since initial installations are rarely the ultimate systems, one of 
the most important considerations in a good plan is the determination 
of whet is to be installed immediately - the basic wiring. If the 
basic wiring is carefully planned and properly installed, future 
additions can be added to it with the sound expectations that the 
equipment connected to the additions will function properly. If the 
basic wiring is not carefully planned and properly installed future 
additions may require replacing portions of the initial wiring or 

may not provide for best use of the equipmente 


Often the good planner will prepare a very complete plan, regardless 
of the cost of the wiring job involved. He will then trim this plan 
until it comes within the limitations of what the family is ready 

to put in. What he hes left is the basic wiring for that farmstead. 
Then when the electrician does the wiring he will install the basic 
wiring, but he will also have in mind the ultimate system and will 
size and arrange parts so they will fit the ultimate system. 


Load centers and feeder wires are particulerly important. They are 
comparatively expensive parts of the system. Many farmers hesitate 
to discard and replace them with more expensive parts when edditions 
are made, but if the planning had been good at first, end the larger 
parts installed then, the extre cost of the initial wiring would heve 
been smalle 


In most parts of the country, practically all ferms should have 
Z-wire service entrances. Meany farms need 100 ampere entrance switches 
and a few need even larger ones. 


Vv. 


2800 
DEVICES FOR TRACHING P ING TO GROUPS 


Te electrification adviser will not have time to personally supervise 

the planning of many individual farm wiring systems. If he did nothing 

else, and assuming that someone else did the general educational work : 
that must preceed the actual preparation of plans, he would be unable 

to supervise the planning and prepare plans for use by electricians 

for more than 8 or 10 farms a week. However, he should do some of this . 
work, There ere 3 reasons for this: 


1. He needs demonstrations for use in his group teaching. He should 
supervise end assist with the planning on demonstration farms. 
2, If his teaching is to be effective, he must have first-hand fam- 
iliarity with the process and problems of vlanning. ; . 
3, He will need basic local material to use in teaching planning to 
groups. Ordinarily, he can get this material only by personally 
perticipating in actual planning. 


Since the greatest part of the electrification adviser's work on wir- 
ing planning will be teaching groups how to plan their own individual 
systems, he will need to have and be able to use various teaching de- 
vices. 


A. Wiring Plan Charts and Work Sheets 
Wiring plan charts are among the most common and most useful de- 
vices for teaching wiring planning. Usually they show the floor 
plans of buildings and the arrangement of buildings on the farm- 
stead with symbols to point out the locations of various outlets. 
Together with work sheets they provide a means of illustrating 
where outlets should be placed, the types of outlets to fit differ- 
ent situations, end a method that farmers may use to prepare and 
evaluate their own plans. Small charts may be duplicated in 
quantity and distributed among the group so that each person 
has one to look at as he follows the discussion. The speaker 
often needs large charts which th» whole group can see and on 
which he can point out special features. 


The usual charts are printed or drawn on paver. Hach chart shows 

one arrengement. Several are reauired to show several arrange- 

ments, and they can show only arrangements that have been selected 

long enough in advance to give an opportunity to prepare the 

charts. s 


Bvery electrificetion adviser needs a supply of charts represent- 


ing typical situations in the area served by his co-op. Some of Be 
these may be taken from plans shown in literature, but the best 


ones will show actual local situations. : 


Flannel charts are very useful in many meetings. Such a chart , 
consists of a piece of flannel cloth which is hung on the wall, 
and an assortment of symbols each drawn on individual pieces of 


a 


paper and vnasted to small pieces of flannel. When: the symbols 
are placed on the large piece of cloth with the flannel of the 
symbols against ihe cloth, they will adhere to the background 
until picked off. This makes a convenient arrangement for add-_ 
ing and taking off symbols or moving them from one location to 
another. Sometimes the floor plan of a building is drawn dir- 
ectly on the flannel background. In other cases symbols repre- 
senting sections of walls, doors, windows, etc., are used so that 
different room arrangements can be created on the charts as they 
ere shown before groups. This nermits the instructor to use the 
floor plan of a verson in the group as his example. 


Slides. Flim String, eng Movies 

Lentern slides, film strios, and movies are useful teaching de- 
vices that also provide ean entertainment element in rural meet- 
ings. They are good for vresenting general plans. They are 

less useful for presenting localized information. They have the 
sivantege of usually being attractive to the group, end if well 
shown are clesrly seen by everyone. Their biggest disadvantage 

ia that their preparation renuires considerable time, skill, 
ecuioment, and money. Most electrification advisers will not have 
the time or fecilities to vrevare good slides, film strips, or 
movies for their own use. They will therefore be limited to 

those that they can buy, rent, or borrow from other sources. 

There ere not many good ones on the subject of planning wiring 
that are generally aveilable. In general, they are better adapted 
than such devices as charts to use in meetings with large groups, 
but they do not lend themselves as well as cherts to discussions 
of personal problems. 


Plenning Booklets 

No electrification adviser can give a great deal of personal serv- 
ice to members of his cooperetive in planning their individual 
wiring systems. There are some members that will not even attend 
his meetings. Those that do still need help when they go home 
and study their own problems. Planning booklets offer a means of 
reaching edditional people and providing those that attend meet~ 
ings with material to study at home. These booklets alone, of 
course, ave not as adeovate as personal service and discussion 

in meetings, but they do provide a means of reaching more people 
and of extending group teaching. They give general recommenda- 
tions which can be of great help. They cannot give the answers 

to individual »veculiar problems. Sometimes the absence of these 
special answers breaks down the members' reliance on such book- 
lets as a sound guides In using them, the electrification adviser 
should show the members of his cooperative the general soundness 
of the recommendations given so that when they meet their own 
special problems their confidence in the whole booklet is not 
destroyed. <A list of several good planning booklets has already 
‘been given under PLANNING THE LOCATION OF OUTLETS. 
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Demonstration Scrints 

Various organizations at one time or another have prepared demon- 
stration scripts for use in different phases of power use teach= 
ing. Usually these scripts have been prepared for special types 
of occasions and after use for a limited period of time are no 
longer available. If such a script is aveilable to the beginner 
in teaching wiring planning it might be quite useful to him. 
However, telks prepared to fit the individual local situation 
are usually superior. Experienced teachers seldom use these 
prepared scripts except when they ere first showing a film strip 
or e series of slides with which they ere not familiar. 
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PREPARING AND USING WIRING PLANS 


Electrification advisers need prepared wiring plans in teaching the 
planning of wiring systems. These plans are usually used in chart 
form but may also be lantern slides or on film strips. In many 
group neetings they are the best substitute for actually looking 

at installed systems. 


The plans published in books and leaflets are useful, particularly 
in teaching general principles, but in many situations plans of 
locally installed systems are best. It is likely that the electri- 
fication adviser will have to prepare these local plans. In order 
to do this, he mst know the techniques of preparing and reproducing 
them, He mst also be prepared to recommend to farm families methods 
and techniques which they can use in doing their ow planning, 


A. Use of Cross-Section Paper 
The best wiring plans for existing buildings are made on the 


site of the wiring. If the electrification adviser is to use 
the plan in his teaching he must draw it up while on the farm, 
Farm families are also in the best position to deal with the 
electricians who wire their places if they have drawn plans of 
their personal systems. 


The most practical means of preparing the rough drawing of a 
plan uses cross-section paper, Almost any cross-section paper 
may be used; one with 4 squares to the inch is very good. 


The floor plan of each building and the arrangement of 

buildings on the farmstead can easily be outlined using a 
separate sheet of paper for each floor of each building and 

for the whole farmstead. In drawing the floor plans of buildings, 
it is usually convenient to let 1/4 inch on the paper represent 

1 foot in the building. If paper with 4 squares to the inch is 
used, one square on the paper would represent 1 foot in the 
building. <A different scale, depending on the size of the 
fermetead, will be necessary for showing the arrangement of the 
buildings, 


When the buildings are sketched on the paper it is a simple 
matter to show the locations of each of the separate planned 
outlets and of the wires between buildings by appropriate 
symbols. These plans do not need to show the location of wires 
in eirevits since that is a matter for the electrician to decide 
when he does the wiring. 


B. Conventional Symbols and Their Use 


Almost any symbols that are clear to the electrification 
adviser and the farmer may be used on the rough sketches of 
plans drawn on the sites, but when the plans are reproduced 
for showing to groups it is desirable to use symbols that 
are generally used and widely recognized, 


—~3D— 


While the symbols used in published literature have varied some- 
what, some very common ones are shown on page 5 of UeSeDeAo 
Miscellaneous Publication £97, Planning Your Farmstead Wiring And 
Lighting. Much broader assortments of symbols will be found in 
the Handbook of Farmstead Wiring Design, Industry Committee on 
Interior Wiring Design, and in planning booklets by various 
commercial companies and state colleges. 
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Plane to be shown to groups need to be neatly and clearly prepared. 
The electrification adviser may need only one Set of large plens 
that are clearly visible before a large size group, but if he 

uses plene drawn on ordinary note book size paper he will need to 
have them reproduced in considerable quantity. He is even likely 
to need more than one set of large sized ones, particularly if 

he is coopereting with other educational people in the coopere- 
tive's area who may borrow plans. 


Obviously the rough sketches preparedon the sites where the 
planning is done are inadequate. Using the rough sketches as 
guides, the electrification adviser personally may have to draw 
up the plans in finished form. This does not require erchitec- 
tural or professional drefting training but it does reouire some 
eare and patience. It does not require elaborete drafting eouip- 
ment although such equipment may be used if it is available. 

It does reouire a hard, smooth, well-lighted surface on which to 
work. <A desk top will serve. It requires a ruler with e straight 
sige, pencils, erasers, drawing ink, a ruling pen, and a compass. 
A small drewing board with a T-square send two celluloid triangles, 
one with 2O degree and 60 degree angles and the other with 45 de- 
gree angles, would be very helpful. <A piece of ground glass with 
a light under it makes an excellent drawing board for use in copy- 
ing drewings. The original drawing is placed on the glass and 

the paper to which it is to be copied is placed on it. When the 
light under the glass is turned on, the drawing to be copied be- 
comes clearly visible. 


Clearness is the most important thing in the lettering. The be- 
ginner is likely to avoid lettering on his drawings because he 
fears that he cannot do a professional looking job. He should 
cast these fears aside becavse if his lettering is reasonably 
neat and legible it will be thoroughly acceptable. With a little 
practice anyone can do acceptable lettering. Most people find 

it best to draw light parallel lines with a peneil which the tops 
and bottoms are to touch. Then the letters are drawn in lightly 
with a pencil. After they have been drawn, erased, and redrawn 
until they are about as wanted, they are inked in, and the pencil 
lines are erased. The beginner should watch the size of his 
lettering. If the plan is drawn large ené then reduced in size 
ia reproducing, the size of the letters will also be reduced. 
They must be large enough to be clearly visible in the final 
reproduction. 


Weve of Reproducing Plans 


There are a wide variety of ways of reproducing drawings of 
plans. No one of these meets all needs. 


Small plans are often reproduced by mimeographing. This is a 
cheap method and is satisfectory for many purposes. However, 
there is danger of not getting clear reproduction. Considerable 
care should be used in preparing the stencils. The sketch of 

the plan must be drawn directly on the stencil, but unless it is 
drawn by an expert it had better be drawn on paper first and then 
copied on to the stencil by using ground gless with a light under 
it for a drawing board. 


If blueprinting or other of the conventional architectural dupli- 
cating methods are available they may be used. They reouire that 
the plan be drawn on special paper. The reproducing process then 
transfers the plan from this drawing to the finished paper. 


Various photographic processes such as photostating and multi- 
lithing may be used. These processes reproduce very clearly and 
they usually provide for either enlarging or reducing the size 
of the drawing, as desired. The originel drawing for these 
processes is prepared on ordinary white paper. 


Plans may be reproduced by ordinary printing such as is used for 
newspapers and magazines. The size may be increased or reduced 
by this process. The drawings are first prepered on white papere 
The electrification adviser should remember that enlarging ea 
drawing emphasizes its irregularities and defects while reducing 
its size tends to conceal them. It is wise, whenever vossible, 
to make the original drawing large énd then to reproduce it at 
that same size or smaller. 


0 
The methods described above are useful primarily to the electri- 
fication adviser in his work in teaching wiring plenning to 
groups. ‘When planning is done to help a single family or when 
the femily itself does its own planning, other technioues are 
commonly used. It is best for the family to actually meke a 
rough sketch of its wiring plan on crossesection paper, but many 
femilies will not take the time to do this. A substitute scheme 
that has worked quite well in planning for the house only is to 
mark on the walls the propesed location of outlets. 


There are several ways of marking locations on wallse One is to 
use chalk. Another is to attach cards with pins or tacks. Re- 
gerdless of the method of marking, this system is a wey of essur- 


ing that there is understanding between the family end the electri- 


cian es to the number and locations of outlets when negotiations 
are under way and when the wiring is done, 


VII. 


pa da ) : 
METHODS OF ESTIMATING WIRING COSTS 


When the electrification adviser is helping farm people plan their 
wiring he is elways faced with the problem of helping them estimate 
what the completed wiring will cost if the plan is followed. The 
methods of estimating costs are quite well known and do not need 
much elaboration here. The two most common methods are: 


(1) By the outlet plus service entrance and outdoor span costs. 
(2) By labor and material costs. 


Many cooveratives have negotiated with the wiremen in their areas 


and-esteblished uniform reasonable wiring prices. These prices 

are usually on a2 basis of a certain amount for each type of outlet, 
e certain amount for each tyve of service entrance installation, 

and a price on outdoor wiring spens that depends on the wire size 
and length. Where these esteblished prices are in effect, an es- 
timate of the wiring cost for a certain farm is arrived at by merely 
adding together the costs of the outlets, entrance equipment, end 


wire spans involved. Even where agreements are not in effect between 


the cooperative and the wiremen, many wiremen use this method of 
arriving at prices to ouote and the prices used are well known in 
the community. 


When the common wirirg prices on a unit basis are not known, a good 
estimete cen be reached by adding together the cost of materials, 
adding to this a fair wage for the wiremen based on the time needed 
to make similer instellations, and then adding to this a fair profit 
of possibly 30 percent to 40 percent of the sum of the material and 
labor costs. The first few installations that an electrification 
adviser figures in this way may take considerable time, but he will 
soon leern to estimate materials in groups and the labor by the size 
of the job and will be able to make sufficiently accurete estimetes 
in es few minutes. 


\ 
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VIII. HELPING A FARM FAMILY PLAN ITS WIRING 


No two people will approach the problem of helping a farm family 
plan its wiring in exactly the same way, but the methods of exper- 
fenced persons can be very helpful to a beginner. The essentiel 
elements in good planning have already been discussed. Those ele- 
ments can be summarized in the statements: 


(1) Mlectricity serves people =~ not buildings. 

(2) The wiring must serve equipment economically, efficiently, 
and safely. 

(3) The plan must be the family's plan if it is to de followed. 


No good plan is prepared without active participation of the ferm 
family. For this reason it is best to sche@ule the planning in ed- 
vance so that the members of the family will heve been thinking 
about it and will be present. 


When the electrification adviser reaches the farm it is good to 
talk informally with the fanily for a while. In casual conversa- 
tion much can be learned about its plans, hopes, and aspirations. 
It is good to welk informelly over the farmstead, observing the 
buildings, eanipment, end standards of farming and living as re- 
vealed by what is visible. The furnishings and housekeeping stand- 
erds in the home should be noted. During this time a judgment can 
be reached of something of the nature end extent of = wiring system 
that will fit. . 


It should be mace clear to the family that no prepered plan has 
been brought to the farm - thet the plan is to be "tailored to fit" 
right there - and that the family, not the electrification adviser, 
is to be the judge of the fit. 


The electrification adviser will want to sketch on cross-section 
peper the building arrengement on the farmstead and the floor plens 
of each building. 


When these preliminary arrangements ané@ discussions ere completed, 
the experienced electrification adviser will heave a good idea of 
the nature of the wiring system that should be installed and the 
family will be reedy to enter whole-heartedly into the vlenning. 


An excellent method is to go through eech room of each building, 
discussing what electricity ‘s to be used for end how it is to be 
used in each. When the nature of the use in each room hes been 
decided, the tyves and locations of outlets to best meet the need 
should be planned. As the tyne and location of each outlet is 
determined, it should be marked on the floor plan sketches that 
have alreedy been vrenared. Much of the electrification adviser's 
plenning skill is needed in helping the family to think through its 
future use of electricity at each place in each room and in helping 
it see the need for the proper tyves of outlets located so es to 
serve these uses efficiently. : 
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Often the detailed planning starts in the living room. The dis- 
cussion could stert around the present furniture arrangement and 
the probable location of lamps, radios, and other equipment as 
revealed by the furniture as it is. This would be followed by a 
discussion of probable changes in arrangement, by the effect of 
special occasions such as Christmas with the tree to be lighted, 
and by the probable use of luxury devices such as lighting breckets 
by the mantel. Hech room in the house and in each other building 
would be analyzed in detail in thie fashion. Then the outdoor 
lighting and outlets for outdoor use of other equipment would. be 
similarly analyzed and the locations of outlets marked on the pre-- 
pared sketches. 


When all of the locations for outlets nave been carefully analyzed 
end the final choices plotted, the locations of load centers to 
best serve the outlets should be determined and marked on the 
sketches. 


If the ultimete uses of electricity have been vroperly considered, 
it will likely be necessary to sit down with the family end dis- 
cuss the probable costs. If the whole system is not to be put in 
at once, it will be necessary to enalyze the probable first uses 
end the relative usefulness of various planned outlets to determine 
the initial instellation. The selections for the initiel installa- 
tion should be clearly marked on the sketches. 


If the rough sketches are to be left with the family for use in 
its negotiations with the wireman, the electrification adviser 
should place on the sketches a clear key to the symbols that he 
has used. 


If the electrificetion adviser is going to use the plan in his 
group teaching, he will want to take the rough sketches with him 
so that he can use them in preparing his drawings for display. 
In this case he would send beck to the femily a carefully drawn 
plan for its use. 
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- THE WIRING 


I. Sources of Information on Materials and Technique 
Standards and specifications for safe wiring are given in the 
National Electrical Code. Before attempting to discuss or demon- 
strate wiring design and installation practices, we should become 
familiar with standard requirements, methods, and materials. It 
is not the intention of this section to incornorate in detail all 
of the material necessary, but only to cover the basic principles 
on which turther detailed study may be made. Useful information 
may be found in the following and other reference material: 


(1) "National Electrical Code", - Standard of the National Board 
of Fire Underwriters. 


(2) "National Electrical Code Handbook", — By Arthur L. Abott, 
McGraw-Hill Book Company, Inc., New York, New York. 


(3) "Specifications for Farmstead Wiring", Form AL-23R - Rural 
Electrification Administration. 


(4) "List of Inspected Electrical Equipment", — Underwriters! 
Laboratories, Inc. 


(5) "Rural Electrification", - by J. P. Schaenzer, Bruce Publishing 
Company, Milwaukee, Wisconsin. 


(6) Extension Publications from State Colleges. 


ti, Wiring Design and Protection 


Other sections have discussed "Planning Wiring Systems", which we 
might say is the farmers' responsibility. We would like to highlight 
a few of the points dealing with the responsibility of the electri- 
cian in making installations and some of the things with wnich the 
adviser should familiarize himself in teaching and checking good 
wiring. 


The REA recommended "Specifications for Farmstead Wiring", Form 
AL-23R, emphasizes portions of the National Electrical Code which 
have a particular application to rural wiring. It also suggests 
mandatory consideration of certain rules which are written in the 
Code only as recommendations. The "Specifications" we might say 
are a standardization or interpretation and grouping of main points 
of the "Code," 


Before any electrician should atvempt to make a wiring installation, 
he should become familiar with the branch circuits, feeders and 
service entrance requirements, overcurrent protection and grounding 
requirements, as set forth in articles 200, 210, 220, 230, 240, and 
250 of the Code. It may be well to make a brief breakdown of the 
various articles of Chapter 2 of the National Electrical Code. 
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A. Polarity Identification of System and Circuits me 


Polarity has sometimes been confusing to wiremen in that they 
are still thinking in terms of direct current. In D. C. we 

have the current flowing in one direction with one positive 

wire and one negative wire. In A. C. we have the two wires, 

one being hot and the other neutral. For our purposes, then, 

we will think of polarity as maintaining a fixed difference of. 
potential between the two wires of a circuit. We have a color 
code in wiring to assist in making installations or inspections 
to assure us that polarity is maintained. Care should always 

be taken to see that the black wire follows through the entire 
circuit and is always connected to the hot side of the socket. 
It is the one that is broken through switches. In a like manner 
the white or neutral wire should always be connected to the 
shell of the socket and never broken by a switch. In the event 
that it becomes necessary to inspect an old system where two 
black wires are used, it will be necessary to check the polarity 
by "ringing out" the circuits. me 


B. Branch Circuits 
Reference for planning and installing branch circuits may be 
obtained from Sections 2113 to 2127 inclusive of Article 210 of 
the National Electrical Code and from paragraph 5 of Form AL-23R. 


First it should be noted that the minimum requirement for any 
dwelling is at least one 15 ampere branch circuit and one 20 am- 
pere branch circuit. In most cases, however, this will not be 
adeguate. The Code further specifies that a minimum of No. 14 

AWG wire be used with the 15 ampere lighting and appliance circuit, 
and that one such circuit be provided for each 500 sq. ft. of floor 
area. Hegardiess of the size of wire used in the circuit no larger 
than 15 ampere fuses shall be used if lighting fixtures are attached r. 
to it. This is because tne fuse must protect the wires in the fix- 
tures as well as those in the circuit. The small appliance circuits, 
(20 ampere) are installed with a minimum of No. 12 AWG wire and 
shouid provide for the small appliance loads in the kitchen, laundry 
room, pantry, back porches, basements, and dining rooms of all 
dwellings. A minimum of one outlet for each room is required with 
further recommendations that an outlet be provided on the 20 ampere 
circuit for each 20 linear feet of the total (gross) distance 

around the room measured horizontally along the wall at the floor 
line. An often-used, good rule-of-thumb is to limit the-number of 
outlets on any circuit to 8 or, as a maximum, 10. Other special 
circuits such as the range, water heater, water pump, and motor 
circuits will depend on the manufacturer's rating of the equipment. 
Form AL-23R, paragraph 5, specifies that the branch circuit to the 
range be not less than 3 No. 6 AWG wires. Branch circuits to water 
heater outlets are to be two wires not smaller than No. 12 AWG. 

Wire sizes and protection for motor circuits shall be in accord with 
the provisions of Table 20, Chapter 10, of the National Electrical 
Code. This table is for not more than 3 percent voltage drop. On 
lighting circuits the voltage drop should not exceed 1 pereent. The 
following tables show the necessary wire sizes for various length 
runs to maintain voltage drops of not more than 1 percent and. 

3 percent. 


* 
a 
7 
; 
Ue 
: 
., 
ia) 
a 
; 
; 


ar > wie | - ‘ A 79. 3 ; , Z . 

SIZE OF WIRE NEEDED TO PREVENT MORE THAN A 1 PERGENT 
Aa Pee VOLTAGE DROP | 
; . 115 VOLTS ; | 


é ae : a = : 
+3 se, ELECTRICAL LOAD (AMPERES) bya neentae 
ager DISTANCE OK fa Bl e-fi0 ere eu ie ecaderet tecliy nie. ae / 20 | ALONG ROUTE 
= 9 i” eee oy oe 
Wj, 


6 | OF THE WIRE 
hang / OF THE WIRE S. AMPS.| AMPS.| AMPS. AMPS.| AMPS.| AMPS.|AMPS.|AMPS.| AMPS.| AMPS. AMPS.| AMPS. | AMPS. 
a sae 5 sas isin Tene sors aaa Saami ORCOnS Satria: nana wt 10 FEET 
Mae ie TRCET : L CROSSING IG WIRED | ep Reet Waites Seon Sete 
7a op LOLEEET VL moe comet ee ce eee UZ RE ANCE CIRCUITS, 15 FEET 
hs os ; Tor REA: Wi mae paciaaes areca Pasa os : AaB PERM: é 18): z Of x5 So oe 20 FEET 
~ .%, 6, eo N vit’ r ie. ee 
~# | BO FEET Sees BERR RT: Ve MMM MA re saree 25 FEET 
i - =" 25 FEET Reo ED OS G ESS rete Tt 3Q FEET 
re" 50° FEET se coset Han RS 40 FEET 
Oa ee BERR IK 
pe 40 FEET K eee MRE RS 50 FEET 
eR ea Ns ees Mesecezere ieee 8 OOP OOO OF apap 
a ie CAP FEET Wageretete > SESE | raratee S508 ites P09 F T 
Ba yey SO FEET SEES aout wre’ 7-7 S aee RS a 70 FEET 
oe as i af0 FEET eset z pe y SO FEET 
Sean Z ee | WH, Z 
is : FEET b 6 6 WIRE V % FEET 
ae eo 5G FEET T So ae OY yy oe Mes ae 
y oe R ex 9 Y tt Yj, WA: SSS SIR KH PO OOS 100 FEE 
— 100 FEET RSS ee Bets cee YG as RSH NO A 125 FEET 
- > 7 og — ik SXK oon so, We UU, Vetere 2 a % SR cote i : 
4 - 125 EE Par? be (7 7, SSDI QS SSID 150 FEET 
pera >: Has CHAU ERS SER 
mee L50 FEET YW Z eeeereer ee : piss lap 2FEED 
me 3 . ote Wleseceess veterere: : = % , 
iS Sear rect a: oH ‘ az VS % Eas MELEE snscass panama Oe iM sea 200 FEET 
i o25 Feet eee tS Sauce to WZ os reer 
a eae EET Yon = oo II 250 FEET 
| 4 Se iit wararerecar teen a 
spe Per srcEey WU Ss a ee ee 300 FEET 
es 300 Feet LA MLM 8 ; 
oo eee pool T EE reer be G Sten Res 350 FEET 
aS <_hey E a ’ 350 . et ‘ SSSR * 400 FEET 
rs. af") 4 400 FEET tetera by GG Se 450 FEET 
aay 450 FEET SENS Uh, See H 500 FEET 
ss Ts00 Feet EER V7 os Bees matinee 22 
4 ¥ ; : ‘ < so : SOR SOO RORY 700 FEET 
ys ; 


We 4-900 Feet (7H 


Nao ar a a 


2, 

% 

‘ Vays 
SY 

4 "at etere : ae 
9 INO. OF 

Se NO.O 0 | i 3 a 

RO INO. OO WIRES: 


SR estes FEET 
teestatetenn atatoreer ree 800 FEE 
RSC 


2 Y7N0.000 WiREY 
WH ace 900 FEET 


9, hhc Sed) 
Yj lle LA = 1000 FEET 
or 1000 FEET Y/R VESSEL WIRES I [ 
of ‘ i : i t show wire sizes needed to protect 
te ; ae , NOTE: No consideration given to wires smalier than No. I8 since NOTE: This ine Ea Serie ease Wun ; 
sate. . they are commonly used only for special purposes. the ae nsuloti : as 
x Seat Electrical Code for these sizes. 


Bak.) SIZE OF WIRE NEEDED TO PREVENT MORE THAN A 1 PERCENT 


som, VOLTAGE DROP 
* ; 230 VOLTS 
ee. : ELECTRICAL LOAD (AMPERES) Ae | 
Fae ie DISTANCE ora rare eth sTelalalele Gai Soe = yy pe et ot DISTANCE 
Paes atone route | «| 2/¢/2]¢ cle] e]2/elele ele! glelelgielelslelel ele gle]g/ ele 2 £] (ETE [ETE |E/EISIE| atone route 
be oe OF THE WIRE] <*/a4/a/a/a 3|2|2/2/3/2/2 2] 3/4)3)2|2/2|3;3 12) 2) 2/212 /2/2/2 2/2 /3,2 (21212 2) 2/2/23) OF THE WIRE 
J: yes — |e] 8] ce] 9 pl a Ma ©] |@)@}o!—!e mi< eleisieigisialaimisisieisielalo rd almle)oio |} @ a/]o} 2 
" : boleh CAAT ASRS ATR tt | eee (61818 Se S218 85/2 e/g 
io Feet Wy, Gps cress ore ces a ae a 6 9 ee 
meer 1s FEET YOGDE ; 
a —20 FEET YY: #20 FEET 
3 —25 FEET Ge GEE 85 FEES 
30 FEET ZY YO, 30 FEET 
rat ie C4 A 74 a ee 
pert i 40-FEET CY) Wy, 40 FEET 
Ee - 50 FEET YY GE: 50 FEET 
Seek 60 FEET (YVR weiss 60 FEET 
ant a "70 FEET VX iB 
oS _ _70_ FEET VA Res 70 FEET 
ae peettete tte ) FEET 
Hays 80 FEET (7% nese WL is 80 FEET 
ve er, 90. FEET ZZ: . fe: ‘ J Z d Sete ee sPaticeatatete eetatne 90 FEET 
ater Be 100 FEET Vee eee 6 WIRE. Gus TASER ERR bese i ES 100 FEET. 
ieee & ol 2S FEET V7 ee os Hee | 128 FEET. 
< j C4 %, %4 : ror ates : Bie nek % % lS 
Ss 150 Feet [78 4] 19, wine 17 3 Ge eG CEE Ee nsrones VHA 50 FEET 
a et 75. FEET Bore Be eS ee 
Pe 200 FEET nee ZH; Sie ae 200 FEET 
"3 fy x 225 FEET : GY Es: GLA ¢. SE ef 225 FEET 
_ 1250 Feet LZ VW | Serene FEET. 
Se 'eOZY OGYCUD Screamin Li [275 Feet 
Poe 300 FEET [77 HZGZG baad DOES FEET 
ae 350 FEET Ef Z FEET 
5 400 Feet | pS Gy FEET 
7 * y AAV AER 3 
7 a 450 FEET GO: D: : FEET 
eo: 500 FEET (Axess Fes FEET 
of gooey a FeeT_ 
ec STOO FEET. bets Sy FEET 
af & (is BOO .FEET omy FEET. 
ake at 900 FEET Ba W477 900 FEET 
eC Re eee: 2 


1000 FEET Ba | [1000 FEET 


NOTE: No consideration given to wires smaller than No. 18 since they 


i NOTE: This chart does not show wire sizes needed to 
ore commonly used only for special purposes. 


Protect the wire insulation from heat. (Consult the 
National Electrical Code for these stzes.) 


“, | SAO 


SIZE OF WIRE NEEDED TO PREVENT MORE THAN A 3 PERCENT 
; VOLTAGE DROP 
IboS VOLTS 


ELECTRICAL LOAD (AMPERES) 


DISTANCE 3 l DISTANCE 
ALONG ROUTE] 1 | th | 2 |-24/ 3 | 4] 5 |] 6 7 | 8 | 9 } 10} 11 | 12 | 13 | 14] 15 | 16 | 17 | 18 | 19 | 20 | ALONG ROUTE 
OF THE WIRE! ame | aMps| AMPS.|AMPS.| AMPS. | AMPS.| AMPS. | AMPS.| AMPS. | AMPS.| AMPS.| AMPS. | AMPS.| AMPS. | AMPS.|AMPS.|AMPS.|AMPS.| AMPS. | AMPS. amps, |Amps.| OF THE WIRE 


10 FEET Ve WYYYGYGUGGGGHZ LLL La LE LO FEET 
[5 FEET YYWUYYYAZELAOYISA CL SOE 15 FEET 
20 FEET YU“M“YY YAO OGOLGLOA ore eens S820 FEET 
25 FEET YYMOLLYEALAA LM eon Saas ee tecete'eeretoror serene RE ee 25 FEET 
30 FEET VM) YS WY YY a 30 FEET 
40 FEET MAL LLM ee ee 40 FEET 
50 FEET WYY YY GO aaa 50 FEET 
60 FEET CLE ae ete 60 FEET 
70 FEET MMA x Wee / 3% 70 FEET 
80 FEET WY YY Uns sees YUGs: Solas $3 80 FEET 

7 390 FEET YUGO 2 BUS. UY as Ss eee 90 FEET 

100 FEET QO: RRR ERR ey Le: cuuienta eaten ane 100 FEET 
125-FEET WW, Was Son Se Ee gg CMM SS 125 FEET 
150 FEET orca RRS ZS Oe See LLL WD 150 FEET 
175 FEET (7S Cl a is ere Sean WUAgWe 175 FEET 

200 FEET 1/77 Le WU LLL 200 FEET 

225 FEET V/s LLL oie Net hace ees FEET 

250 FEET Le UAL LLY. es FEET 

275 FEET RS SS WLLL RR <a a ee. oy FEET 

300 FEET f WY Yy LLU RES Be 3 FEET 

350 FEET wo ewe YY UA SESS BE FEET 
_400 FEET once anneal OA, OA, CHA oo Oe SO FEET 

450 FEET pe WALL PEO SERS FEET 

500 FEET a7 Yee IA ae Reena FEET 

600 FEET PONS $ FEET 

700 FEET (REESE igs GALES J FEET 

800 FEET LAER ieee eee Yl SS 4 WM Ulli mos SES FEET 

900 FEET V7 CZ: Bers Sees Bas MK RaReche FEET 
1000 FEET V7 LLM ASSESS 77 RNG. O WIRE FEET 

NOTE: No consideration given to wires smaller tham No. 18, since NOTE: This chart does not show wire sizes needed to 
they are commonly used only for special purposes. Protect the wire insulation from heat. (Consult 
the National Electrical Code for these sizes.) 
SIZE OF WIRE NEEDED TO PREVENT MORE THAN- A 3. PERCENT 
VOLTAGE DROP 
230 VOLTS 
ELECTRICAL LOAD (AMPERES) 

DISTANCE ) I) w 1; HHH Hlw al|a O/H) HlH 7) wv GH GH Hl wla| aglala AIGlH)a) oH DIS TANCE 
ALONG RouTe| #/£)2/£/£/¢ aE EEE His glegjeiee/gig/2|2/g a HHEE BEER g/¢/¢/¢ HEE 2/2/£/ alone route 
OF THE WIRE |-|Jalzln| *|>/2[~|@1o12/=|/9/2/o/#/=/e/9/a1/s/a/s/alelalalelslcislalsislsialalelelclslalclatelelalalcior THE WIRE 

10 FEET A MPO OO IE LLOUYYELLLELULULOLOLOLS 10 FEET 
15 FEET MM PPP FIA Yidesy DER EER 15 FEET. 
20 FEET VY AAO YGYUOGOYOALAE : Peleeepeges| 20 FEET: 
25 FEET GYYYLAUAUGOOGOYOLOUZOGS: EPI] 26 FEET 
30 FEET GUY gsm 34004) UU bey ALAC AL oi 30 FEET 
40 FEET OGUYOYIGGGY GUO ss: 3 BUILDING WIRE 40 FEET 
Sm YY YY YY YYYGGEE = Bil | VIA Lue 50 FEET 
=o) FEET ea etecapadood Age LV Cas a ZA LM, SOS SSSR 60 FEET 
70 Feet / 3 pce, WE AUUUDL ESS ceed 70 FEET 
ee ots pe saeescer setaeaees ey 
90 FEET a ee RLY, ZESSRS 
__ 100 FEETYY oe Yye GMS Noo RR WOLOLE 100 FEET 
125 FEETYY hp Gee 125 FEET 
150 FEET Se GLGZGZ ey AIA, \50 FEET 
175 FEETL V) BGG VALLES pee 175 FEET 

200 FEET / Gil ON ICe IIa 777 200 FEET 

225 FEET We 225 FEET 

250 FEET Ly CA SEES 250 FEET 

275 FEETIY . eee ‘ ees! 275 FEET 

300 FEETYY me anenaeee” 22 VO EES Ee Pe] 300 FEET 
350 FeETY G4 Gee Lo IRAE ES a 350 FEET 
400 FEET 3 He a es OA OG ee se ees sane ease pon RGESe Popper ete, 400 FEET 

450 FEET IY) oe ee aGZZZGZ LAER omens WAZ 450 FEET. 

500 FEETY/ BEEEYZZZ7Z0 =: Paes ae Py V7, 00 FEET 

600 FEET KS Wye $ SEES peed moet 600 FEET. 

700 FEET RA AE: el edu LZ WUE 700 FEET 

800 FEET ba pd ed CUD Ss 800 FEET 

#5900 FEET BOG= et ey V/ANO._L VAS sees 900 FEET 
1000 FeeT|’ V8 eee EEZZGoZ Esl fos) YANO, 600 ‘wire 1000 FEET 

NOTE: No consideration given to wires smaller than No. 18 since NOTE: This chart does not show wire sizes needed to 
they are commonly used only for special purposes. protect the wire insulation from heat.(Consult the 


National Electrical Code for these sizes.) 


C. 


? 


Fig? i 


Load Centers and Overcurrent Protection 

Load center capacities are determined by using the rules in 
Article 240 of the National Electrical Code and paragraph 3, 
Form AL-23R. Except in special cases, the size of overcurrent 
protection for conductors depends on their current carrying 
capacities, as given in Tables 1 and 2, Chapter 10, of the Code. 
Care should be taken in selecting the load center so as to not 
only provide for the system as now being installed, but also for 
future additions. It is recommended that at least two blank 
branch circuit connections be provided in the load center for 
future growth. 


The location of the load center is another important factor to 

be considered. In most instances where the load center is located 
at the house, we will find that a place near the kitchen will be de- 
sired so as to be as near as possible to the heavy current consuming 
equipment such as ranges and water heaters. If several buildings 
are to be served, the load center should be located on a yard pole. 
We should locate the pole as close to the heavier loads as possible. 
Those circuits réquiring only 115 volts for the operation of con- 
nected loads should be divided between the two sides of a three- 
wire service so that a balance of the load may be obtained with a 
minimum flow of current through the neutral feeder or service con- 
ductor. This enables the cooperative to deliver a maximum of 
current through its transformer, and reduces the voltage drop in 

the wiring system. Before finally locating the load center we 
should determine whether or not the location relative to the high- 
line poles is satisfactory for connection to the transformer. 


It wilt be well for any electrification adviser to familiarize 

himself with these materials and methods so that he may be able 
to identify proper as well as improper methods of installation 

and to inform wiremen as well as members. 


Services, Feeders and Service Drops 


References for this section may be obtained from Articles 220 and 
230 of the Code and from paragraph 3 of Form AL-23R. Service 
entrance wires shall be sized in accord with the "Code" speci- 
fications, but in no case shall be smaller than No. & AWG. No 
more than one 15 ampere and one 20 ampere branch circuits may be 
connected to 2-wire, No. 8, 30 ampere, 110 volt service entrance 
equipment. Where the load requires the use of a 3-wire service, 
No. 6 conductors shall be the minimum size. More and more co- 
operatives are using 3 No. 6 wires as a minimum for all installa- 
tions. Care must be taken to plan for an adequate service based 
on the load to be served. As stated in Form AL-23R, services for 


outbuildings must also conform to "Code" standards. 


In planning for feeders and service drops sizes and types of 
materials must be carefully determined. Size may be determined 
as covered in previous sections so as to conform to the Code 


recommendations. 
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E. Grouriding aura Sat 
Recommendations for grounding are given in Article 250 of the bee 
Code and Paragraph 4 of Form Al-23R. The specifications recom—- == 
mend that the ground is to be not less than No. 6 copper wire’ =—-<4grties 
connected to the overhead neutral by wire holders and run oA 
continuous to the grounding electrode. This recommendation is fae Met 
made because of the high susceptibility of rural lines to , ear oe 
lightning surges. By connecting the ground in this manner, ad ih * 
surges through the service equipment and meter base are kept to : Bre 
a minimum. Grounding for outbuildings should be the same as - . 
for the main entrance. ; Apr ‘f 
In many instances, too little consideration is given to the . ot ok 
grounding of equipment. Kecommendations of the "Code" should be Caer ca: 
followed carefully. It is best to have all stationary equipment = = = 
grounded. Particular care should be given to equipment in damp * he ae 
and wet places. In all cases, use material and methods as Ni tae ee 
specified in Form AL-23R and the "Code." Riga. ihe 
F is 
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Types of Wiring Materials and Their Uses 
Wiring methods and materials are covered in Chapter 3 of the "Code" SKY 
and paragraph 6 of Form AL-23R. As in other sections, we will not 
attempt to cover this subject in detail but the electrification adviser 
should thoroughly familiarize himself with approved types of materials. = 4 
"List of Inspected Materials", Underwriters’ Laboratories, Incorporated, — 
is an excellent guide. New approved materials are constantly being oe eee 
produced by which we may improve and simplify installations. . ne 
- oe ‘ Saiome 
In general, we use open wiring, concealed knob and tube, armored cable, — 
non-metallic sheathed cable, service entrance cable, and non-metallic 
water-proof wiring for farm work. . Paragraph 6 of Form AL-23R specifies a 
that all snap switches shall be tumbler or toggle type with double Sha 
wipe contacts and shall be of non-competitive grade. Snap switches See 
controlling lighting loads shall also have "TI" rating. All con- anal 
venience receptacies shall be duplex type medium range, non-competitive Pek 
grade and shall have strong double wipe contacts. Ali switch and ‘ = ie eae 
receptacle: plates should be, and in bathrooms, kitchens, basements, bs 
and outbuildings, shall be, of non-metallic material. eS 


The electrification adviser must be in a position to render assistance 
and advice to the farmer in the use of proper materials. This is — ; 
especially true when additions are made to existing systems. Far too 4; ORR 
often the improper use of lamp cord has resulted in personal injury oe 
and to improper operation of equipment. *, : ee 


Rules and Regulations ) Age 
ile have been thinking in terms of the National Electrical Code as a if 


guide for our wiring. We should investigate all state and local — 
sources for codes or rules that would apply locally. : 
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Inspection and Reinspection 


In far too many instances the true meaning of inspection is not 
known. No electrician} no matter how good hé may be, is infallible. 
One of the reasons for having an inspection program is to discover 
the honest as well as the dishonest and incompetent mistakes. On 
cooperatives where inspection is looked upon merely as a police job, 
we find that both wiremen and members are hostile to the program. 
Good inspection protects both contractor and member, It is also 
valuable in that it assures the cooperative that’ the system is safe 
for connection to its distribution lines. In many cases trouble 
calls, and low voltagé complaints could have been averted had the 
system been properly inspected. 7 


Good inspection assures the member that, his wiring installation: 
A. Is safe to life and property; 


B. Will permit satisfactory and safe operation of equipment which 
the wiring has capacity to handle; 


C. Will serve effectively and satisfactorily throuch a reasonable 
span of time without need for replacement. 


The need for reinspection is increasing as installations. grow older. 
In many instances additions which have not been inspected have been 
made to the systems, and in other cases, the systems have become 
overloaded to such extents that rapid deterioration of wire insulation 
is taking place. 


A reinspection by a capavle, conscientious inspector with a report to 
the member is a good form of insurance for the member. lkemoers of a 
number of cooperatives have voluntarily reyuested a regular recheck 
of their wiring systems at intervals of not more than two years. 

When rural users of electricity become fully aware through education 
of the benefits of a good inspection program, they will reyuest it 
rather than accept it as something which has been thrust upon them. 


Methods of Inspection 


Few eléctrification advisers will be the authorized inspectors for 
their cooperatives. However, inspection is so important to the 
adviser's work and so closely related to it that the adviser should 
understand inspection methods practically as well as the inspector 
does. A reinspection program is desirable, but even this is not a 
substitute for advice to members on additions to their existing 
wiring systems. Basic techniques should be studied, then followed 

by practice inspection sessions on pre-selected farms with the consent 
of the families occupying the premises. Hach trainee should be re- 
guired to make His own records and to use the testing equipment until 


when 


familiar with the procedure. A good electrical inspection should 

determine: 

(1) That the installation is safe and of adequate capacity for the 
intended uses. 

(2) That the work is good mechanically and is electrically secure. 

(3) That the installation will meet the insulation resistance 
breakdown, polarity identification; circuit usage, and short 
circuit requirements of the National Electrical Code. 

(4) That the grounding resistance is within the 25 ohm maximum 
limitation of the "Code" or as nearly so as is possible under 
local soil conditions. 

(5) Finally, that the installation meets the expectation of the 
user as shown in his plans and specifications whenever an 
opinion is requested. 


The above testing may be accomplished by use of any recognized standard 
testing set for electrical wiring systems, The test for grounding | 
installations should be made with the same or similar type instrument 
as is used by the cooperative when testing line grounds. 


Frequent trips with the regular electrical inspector should acquaint 
the electrification adviser with all practiced methods and procedures 
Tor conducting a good inspection. 


a ae, 
eI 


AG 


COOP PRINCIPLES AND TECHNIQUES 


I, UNDERSTANDING THE VALUE OF CO..0P MEMBERSHIP 


Topic 1: Why ie such member understending important to the co-op? 
Topic 2: What are the benefits of co-op member ship? 

Topic 3: How can the members be made aware of these benefite? 
Topic 4: Who should do the job? 


Points on Topic 1: 


A member who understands the value of his co-op to him and his family, 
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will: 

Be eager to learn all he can about his co-op, about co-op princi- 
ples and practices, and about efficient power use. 

Be glad to cooperate with the co-op management in assuring 
effective and economical system operation. 

Give full suoport to the board in its efforts to build a sound 
and atrong co-op. . 

Take his membership duties and responsibilities seriously. 

Read carefully any communications from the co-op office and comply 
cheerfully with all reasonable requirements. 

Make e real effort to attend annual and other memberg! meetings 
and promote such attendance by his neighbors who are also members. 

Refuse to listen to or spread rumors about his co-op or persone 
connected with it. 

Do all he’can to correct misinformation about his co-op among his 
neighbors and social and business acquaintances. 

Help build community support and good will for his CO=—Op. 

Stick by his co-op in times of trouble, end make sure that its 
ownershin and control will never pass ont of the hands of the 
rural peovle whom it serves. 


On the other hand, a co-op whose members don't know its value to them 


1. 
Le 


Be 


will sooner or later be troubled by: 

Widespread lack of member concern for the co-op welfare. 

Distrust of the intentions end motives of the directors and of 
co-op management. 

Unwillingness of members to cooperate with the co-op management 
and to comply with rules set up for the good of the co-one 

Lack of member interest in ennual and other members! meetings, 
and consequent inability to hold valid and effective meetings, 

Excessive operating and: maintenance costs due to I-don't=care 
attitude by the members, 

Members becoming « prey to rumors and malicious propaganda 
spread by enemies of the CO-OP. 

Lack of community good will end support for the co-op. 

Effective agitation among the membership to sell out a part or 
all of the co-op system to a "business managed" power company. 
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l. By joining with his neighbors in owning the co-op business, each 
member has a voice in determining the cuality and kind of serv- 
ice to be rendered by his co-op. ; 

2. Member control assures that all benefits resulting from efficient 
end economical operation are passed on to each member in propore 
tion to the use he makes of the co-on's service. 

3. He is acquiring a constantly growing personal financial stake in 
the ownership of the co-op. 

4, He will be assured of service at actual cost in the long run. 

5. The co-op manager and staff work for him. This means that he can 
feel sure that any power use advice from his co-op will be in 
his own best interest, and not for the purpose of helping deal- 

: ers sell appliances or of just building load. 

6. He hes a vote in determining who shall be on the board of direc- 
tors which looks after his co-on business. 

7. The board of directors is accountable to him and his fellow mem- 
bers e8 owners of the business. 

8. A member of an electric co-op is a partner in one of the biggest 
businesses in his community. 

9. He can take pride in the fact that through his co-op membership 
he is helping to build community prosperity and to strengthen 
our private enterprise system. 

10. He, with his fellow members, is demonstrating that rural people 
ere cavable of working together for their mutual benefit. 

ll. By becoming « well-informed and active co-op member, he will gain 
the esteem of his neighbors who are also members. 

12. Wheat members will get out of their electric co-op depends on what 
they are willing to put into it, on how they carry out their 
membershin responsibilities. Farmers know very well that the 
only wey to get anything is to work for ite 

Points on Topic 3: 


There sre various medi2, methods, end occasions for getting information 
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to the members and making them aware of co-op benefits. Among these 
are: 


The monthly newsletter, or a column or page in the statewide paper. 

Editorials end special articles in the statewide paper. 

Personal contacts with individual members at the co-op office 
and at members! homes. 

Wiring and other power use meetings. 

Community end district meetings of members. 

The annuel meeting. 

Meetings with young people in 4-H or FFA groups, school classes 
and assemblies in the co-op area. 

Special co-op publications such as the annual renort, the c0-0D 
bylaws, a history of the co-op, a leaflet on capital credits, etc. 

Articles in local newspapers which reach the co-op members. 

Broadcasts on a radio station covering the co-op srea. 

The use of photographs, slides or movies showing the co-op office, 
substations, staff, crowd at ennua meeting, schools and commun- 
ity buildings served by co-op, completely electrified farms, etc. 

Displays in co-op office windows, at co-op meetings, etc. 
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Points on Topic 4 


The electrificstion pdviser has major responsibility for building | 
- good member reletions and assuring effective member participation 
eae the co-op affairs. But the members cannot be exnected to show 
_ active interest in their co-op until they are convinced of the 
value of co-op membership. To meke them fully aware of the bene- 
fits which co-op membership holds for them is therefore one of the 
first tasks of the electrification adviser. But he or she cannot 
do this job effectively without the active help of the co-op 
officials and staff... 


Directors, in their personel and officiel contacts, also need to 
stress the values of co-op membership and make the members feel 
that the co-or is really member-owned and member-controlled. 


‘The manager in his contects with members should make them feel thet 

- he and his staff ere working for them, hsve their interests at 

heart and welcome auestions end susgestions from the members. 
Also, the manager should - make sure thet all employees understand 
whet @ co-on is end in whose interest they are expected to work. . 


The co-op employees, by their attitude and by whet they say in their 
contacts with members, can be of great help in demonstrating to 
the members thet the co-op really has the members! best interests 
at heart. Well-informed cooperative-minded is a ere the key 

to good member relations. 
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II, THE CO-OP NEWSLETTER 


A. Why a Newsletter 
1. To build 2 stronger cooperative -- Good newsletters stimulate 


discussion about co-op affeirs, create interest in the affairs 
and simultaneously build co-op spirit and loyalty. 

2. To aid management -- By keeping members informed of co-op 
affairs the co-on management stimulates member activities 
that often lighten the burden of management and even lower 
its costs. Announcements in newsletters also save time 
and eliminate the mailing of special letters, sometimes 
costing as much as a newsletter. A south Carolina Co-op 
recently ammounced in its newsletter that a section of its 
line serving about 200 members would be out of service on 
a certain date at a certain time to permit maintenance work. 
Although ebout 50 members on this section of the lines had 
telephones, not one call was made to the office inquiring 
as to what the trouble was. The newsletter announcement 
was effective. Work in the office, as well as in the field, 
went ahead uninterrupted. Newsletters reduce the number of 
late meter cards, provide a vehicle for power use program. 

3. To permit informed business decisions -- The cooperative is 
a business organization. It belongs exclusively to its mem- 
bers, and as owners of the business they are entitled to a 
regular monthly resort on its operation. The newsletter has 
proved the best and most economical means of furnishing them 
with that reporte 

4. To provide information about power uses. A co-op's job is 
only started when it mekes electricity available to a farm. 
It is completed only when the farmer is making the most 
beneficial use of his electricity. The newsletter provides 
an economical and effective medium for disseminating power 
use information. 


, Be Types of Newsletters 


Three types of newsletter reproduction are generally used by 

cooperatives: 

1. Offset Printing. This type is generally recommended by REA. 
REA recommends it because of its readability end beceuse 
local pictures can be used at little added cost. Offset 
newsletters cost more than mimeographed newsletters when 
printed in ouantities of less than 1,000, but printed in 
lerge quantities the cost is ebout the same or less. In 
neerly all cases, especislly when three or four or more 
pictures are used, they cost less than ordinary printed 
letters. 

2.. Stencil Duplicating: This type (principal trade name is 
mimeograph) is the lowest in cost for small co-ops, but 
probably the least effective. Photographs cannot be used 
end the anpearance of the publicetion is rarely very im- 
vressive and sometimes rather shoddy. They heve little 
intrinsic aopeal. Faulty reproduction oftem makes them 
unreadable. 
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Se Letter press: For readability this type, which is ordinary 


s 


printing, is superior, but it is the most expensive. The 
coast of engravings almost prohibits use of local pictures 
necessary for an attractive and effective publication. 
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Stories and features for a newsletter to carry regularly are? 
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Report on the last meeting of the Board of Directors: Resolu- 
tions adopted, other business transacted and problems dis- 
cussed. 

Maneger's column of informal chat about current co-op affairs. 
Cooperetive monthly operating report, condensed to chief items 
and occuvying not more than a quarter-column. This should 
include a statement of taxes paid. It may be desirable peri- 
odically to explain the meaning of some of the items in this 
report. 

Revort on construction progress: Work on new sections, improve- 
mente made on old sections, construction contracts, and 
right-of-way easements obtained. 

List of new members. : 

An avpliance exchange or “treading post" column if members want 
it and if it does not jeopardize co-op relations with local 
newspaper Be 

A “mail bag" column for letters from readers, commenting on 
service, co-op policies and co-op problems. 

Column for news notes about linemen and office personnel. 

An honor roll of members who perform voluntary ections of 
value to the co-op: Report outages, pull the truck out 
of the mud, report stopped meters, warn of dangerous condi- 
tions, sign on new members and so on. 

List of the 10 top users of electricity and e write-up of any 
newcomer to the top 10. . 

Revort on major outages, their cause end correction. 
eny other important maintenance developments. 

A headline or box reminding members of the next meter reading 
date. (The use of a dog house list to discourage delinoguent 

meter reading sometimes offends members end a list of those 
who do not pay their bills is not in good taste and of doubt- 
ful legality. An alternative might be an occasional story 
about the total amount of delinouent accounts, or the nemes 
of the first 10 to pay their bills. If a dog house works 
it should be continued; if it does not it should be dropped 
immediately. If it is used, it should identify repeaters). 

List of new eauipment installed by snecific members, or = 
better = a series of short narrative items containing this 
information. 

At least one good local story, dealing with an unusual use of 
electricity on the co-op's lines, a rural industry mede possi- 
ble by co-op electric power, or other subject matter cesigned 
to promote the use of electricity by members. With offset 
printing, it is possible to illustrate this story with local 
photographs at little expense. 


Also 


ve BeaSOe 


15. A list of the names and telephone numbers of maintenance men; 


also the names of directors and office personnel if space 
permits. . 
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l. Sketches of directors, and office and maintenance personnel, 
dllustrated by individual or group pictures. The purpose 
of these sketches is to acauaint members with employees. 

In items about directors, include a report on how they use 
electricity. 

2, Stories about seasonal installations, like pig and chick 
brooders, hay hoists, hay driers, barn fans and water warn- 
ers. A roundup story telling how many of these seasonal 
installations are in operation on the co-op lines is good 
copy when their value as a production device and their 
economy and simplicity of operation are explained by one 
or two or more farmers. 

3. Articles containing news and comments on important anniver- 


earies of the co-op and of REA -- anniversary of the co-op's 


incorporation, anniversary of energization and anniversary 
of REA (May, 1935). Such articles should carry comparative 
data as to number of members served, miles of line in oper- 
ation end average power consumption. 

4, Stories about the filing of applications for new REA loans, 
giving the amount, the number of members to be served, 
where they live, number of miles of lines to be constructed 
and the general use farmers in the area will make of their 
electricity. 

5. Stories about the approval of epplications for loans. 

6. Stories publicizing the annual meeting; beginning with bare 
notices six to 12 months in advance; and stories reporting 
on it afterward. 

” Articles giving safety information, like proper grounding of 
motors in damp places. Stories regerding unsafe conditions 
as reported by members make excellent copye Stories about 
neac accidents and methods of accident prevention are also 
effective. 


8. Articles designed to orient new members. Some co-ops prefer - 


to use.a special letter addressed to new members only, but 
even old members are interested in knowing more about co-op 
principles, rules and regulations. 

9, Stories about local schools, 4—H clubs and FFA clubs when 
their activities concern rural electrification and power 


USES, 
Tins for Newsletter Items | ; 
The more specific you make these farm and home stories, the better 
they will be. Editorial statements fill space, but do not have 
the effect and interest of experience stories, The best way tio 
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REP) | 3, Adding to their farmstead wiring system to actommcdate new 
Bes . , equipment and appliances, 

Op? eget 4. Buying new appliances. 

> . .  §, Telling how electricity le appreciated (before-and-after 

F See contract) . | 

bes sa F, Items From or About Members Showing How They Use Electricity 
Boy a On the Farm: 

ine ayet ‘1. TInereases income, Since obtaining co-ep electricity many 
ee fermers have greatly increased their dairy, poultry and 
sigs. : avestock operations. Others have augmented their income 
ote 3 by addition of one or more of these enterprises. 

Mee 2, Lowers operating costs by reducing labor needs. 

yee 3. Increases opportunity for farm specialization. In addition 
Ae eae, to dairy, poultry, and livestock farming, farmers have 
en ee specialized in the growing of sweet potatoes, using the 
igre t hotbeds to culture plants. Others have specialized in 
1s, the growing of vegetables and fruits on land irrigated 

Ga es with the aid of electric pumps. 

es ee 4. Tends to keep young people on the farm by affording oppor- 
aD, ia tunities for steady incomes, modern living and elimination 
<Piopee of many of the hardships of farm life. 

Tee. 5, Produces more food for national abundance. 

Pia J 6, Lengthens work hours of short winter days by providing light 
| a y | for the barn, barnyerd, machine shop and other buildings. 
Rane G, Items From and About Members Showing the Use of Electricity in 
See The Home: | 

2 aye 1. Eliminates drudgery, especially for the farm wife who uses 
Sn modern appliances. 

GA ER 2. Provides new income, as by accumlating sale cream in a 
nev aaa refrigerator, facilitating the preparation of farm products 
eer for sale such as baked goods and poultry. 

Sa ee Pre 3. Brings new comforts. 

eas 4, Greates leisure hours for better living. 

x ee 5. Makes for better health by providing the means to better 
Poh aoe preserve food and eliminate unsanitary conditions. 
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ss  Ttems from or about members: | | | 
BT ra VA 1. Using unusual equipment, such as chicken debeakers, barn 


cleaners and hoists of various designs. 


Using homemde equipment and appliances, such as pig and 


chick brooders, egg coolere, feed mixers, concrete mixers, 
and motor toters. . 


‘4s, Items About Specific Rural Industries on the Co-op Lines Show 


Their Importance in Creating: 


New employment for rural people. 
New wealth for rural communities. 
Commmnity growth and development. 
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Standard operating reports and records. 

Minutes of Board of Directors meetings. 

Over-the-counter conversations when members drop in at the 
office. Try furnishing employees pads on which to jot 
down news items, and a central drawer or box to drop them 
ine 

Comments at member meetingse 

Telephone conversations with members when they call in about 
outages or for any other reasons. 

Field and inspection trips. 

"Remarks" space or any blank epace on meter cards which may 
be used for consumer comment. 

Information gathered by linemen. 

Farmers who ere among high users. Select a new neme each 
month, write to ask what appliances and equipment he had, 
and publish the answer. 

Appliance and farm equipment dealers and possibly wiring 
contractors. ‘ re 

Members who serve as neighborhood, school or club correspond- 
ents for the newsletter. | 

Asking in the newsletter for letters and news items from 
memberse This is more effective when tied to some speci- 
fic item -- "Can you top this"? 7 

Getting some school class or classes to provide items as a 
work project in English, journalism or civics. 


